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ABSTRACT
The primary purpose o f this study was to determine if  addition o f pumpkin pie 
spice to sweet potato puree would enhance consumer acceptance o f  sweet potato 
flavored yogurt. In Phase I, the effect of fat percentage, spice percentage, and addition 
o f  sweet potato pre-fermentation and post-fermentation on consumer acceptance was 
examined to determine the optimum treatment preferred by consumers and the effect of 
each treatment variable on the fermentation process. Phase II focused on the effect of 
storage periods of 7, 14, and 21 days on the organoleptic qualities and chemical 
composition o f sweet potato
Analyses showed that the percentage o f spice in the treatment appeared to have 
an effect on pH during fermentation. Treatments containing higher percentages of 
spice exhibited a slower drop in pH during the fermentation process. The effect was 
more pronounced in treatments containing .4 percent spice. Addition o f sweet potato 
pre-fermentation and post-fermentation impacted consumer acceptance, viscosity, and 
glucose and sucrose content.Consumers appeared to prefer treatments with higher 
percentages o f spice content in which sweet potato was added pre-fermentation. In 
addition, treatments in which sweet potato was added pre-fermentation exhibited higher 
viscosity regardless o f fat and spice percentage and were rated higher by consumers in 
evaluation o f texture.
Analyses o f Phase II data showed that consumers preferred treatments 
containing 5 and 6 percent sugar and storage periods of 14 days. Percent added sugar 
impacted pH, titratable acidity, glucose and sucrose levels. Treatments with lower
vii
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percentages o f  added sugar exhibited lower pH values and higher titratable acidity for 
all storage periods. Treatments with higher percentages o f added sugar pre- 
fermentation exhibited higher glucose and sucrose levels across storage periods. Dry 
matter exhibited a storage effect with significant increases in dry matter after 21 days 
of storage. Viscosity and starch content were not impacted by sugar or storage.
Future research should focus on refinement o f the yogurt formula to improve 
the organoleptic properties o f the product. Other flavor or textural enhancements such 
as spiced granola or pecans should be explored. Additional research to determine the 
nature o f the spice on the fermentation process is needed.
viii
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INTRODUCTION
Yogurt represents an exceptional source o f nutrients with limited caloric 
content (Staff, 1998). In the U.S., articles have been published in popular magazines 
reporting the findings o f scientific research conducted on yogurt and its health benefits. 
This has resulted in acceptance of yogurt as a health food by both researchers and 
consumers. Yogurt’s popularity with consumers has produced a large market 
consisting o f a wide-variety o f yogurt and yogurt-based products that line the shelves of 
dairy cases in today’s supermarkets.
Even with its current popularity, yogurt consumption in the United States fails 
to equal consumption levels in Europe and Asia. Currently a flavor revolution is 
underway in the refrigerated yogurt industry in an attempt to improve the palatability of 
yogurt and increase consumption through the use o f attractive flavorings. A variety of 
flavors are used, based on the preferred tastes o f consumers in the targeted geographic 
market. Yogurt manufacturers now tempt health-conscious consumers with chocolate, 
banana cream pie, along with many other flavors. The most common additives are 
fruits and berries in syrup or as puree. The typical fruit yogurt is composed of 0.5-3 
percent fat; 3-4.5 percent lactose; 11-13 percent milk solids nonfat; 3-5 percent 
stabilizer (if used), and 12-18 percent fruit.
Consumer acceptance of yogurt flavored with vegetables is also being 
investigated. To date, plain yogurt flavored with cucumber, cauliflower, coconut, 
peanut, and raisin have been tested. The current trend represents an aggressive attempt 
by the industry to attract more consumers. These new added flavors also have the
1
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potential to raise the nutritional value o f the yogurt and to improve the ta-Ste without 
adding many additional calories or fat.
The sweet potato (Ipomea batatas (L)Lam) is produced in many tropical and 
subtropical areas throughout the world. For many developing countries, th e  sweet 
potato is an important food source. China is the world’s largest sweet potato producer 
while the United States produced approximately 0.6 X 106 metric tons in 1994 (FAO, 
1994). Within the United States, Louisiana is the second largest supplier o f sweet 
potatoes producing approximately 164 X 103 metric tons in 1995 (USDA, 1996). Of all 
commercial production areas for vegetables in Louisiana, the sweet potafco comprises 
59% with the ‘Beauregard’ cultivar representing 98% of this production a rea  (Picha 
and Hinson, 1996).
However, the per capita consumption o f sweet potatoes in the U nited States has 
declined from a high of 13.3 kg/person in 1919 to 1.9 kg/person in 1993 (~USDA, 1996). 
As a result, maximizing the use of sweet potatoes through the developmemt o f new 
products and uses is beneficial and o f economic interest to producers. In addition, 
nutritionally, the sweet potato is an excellent source of certain food nutrients including 
provitamin A and vitamin C. The sweet potato also provides riboflavin, rmiacin, 
pantothenic acid, thiamine, calcium, iron, beta carotene, and dietary fiber.
The flavor, color, and textural properties o f sweet potatoes offer a wide range o f 
possibilities for new food products. Any new product utilizing sweet potatoes must 
appeal to the consumer. To date, sweet potatoes have been formulated int<£> frozen pie 
mix (Marshall and Danner, 1959), crackers (Bouwkamp, 1985), candy (V an de Mare
2
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and Ware, 1947; Lanham, 1950), sweet potato chips, and baby foods. Producers have 
experienced limited commercial success as consumers have not widely accepted these 
new sweet potato products.
Sweet potato in yogurt can overcome the flavor o f the sour milk and serve as 
part o f the thickener used in the yogurt (Johnson, Hunt, Colvin, and Moorman, 1992). 
As a potential addition to yogurt, the sweet potato offers the added benefit o f certain 
other nutrients not present in yogurt, in particular, dietary fiber and beta carotene. In 
1989, Reichert experimented with sweet potato yogurt and obtained positive feedback 
from sensory panelists. Additional research (Ebah, 1987) determined optimal sweetness 
and fermentation periods for sweet potato flavored yogurt and concluded that yogurt 
with added sweet potato may be commercially feasible.
The research was divided into two phases. The main objectives o f Phase I o f the 
research were to determine if  the addition of pumpkin pie spice to the sweet potato 
puree utilized in the production of sweet potato flavored yogurt would improve the 
palatability o f yogurt as evidenced by consumer preferences and to determine the 
optimum level o f spice, sugar, and mixing method preferred by consumers. In addition, 
the effect o f the spiced-sweet potato puree on the incubation and fermentation process 
as measured by pH, viscosity, carbohydrates (glucose, sucrose, lactose, fructose, 
maltose, galactose, and starch) was examined.
In Phase II of the project, the main research objectives were to determine the 
effect storage periods o f 7,14, and 21 days on consumer preference, carbohydrates 
(glucose, sucrose, lactose, galactose, maltose, fructose, starch), viscosity, acidity, and
3
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dry matter content o f refrigerated spiced sweet potato flavored yogurt. A second 
objective focused on comparing glucose and sucrose analysis in yogurt using two 
different methodologies: YSI 2700D Biochemistry Analyzer and high performance 
liquid chromatography.
The research is presented in two chapters. Chapter 2 describes the treatment 
combinations, materials, and methods used to produce sweet potato flavored yogurt in 
Phase I. Results o f sensory evaluation and physical and chemical analyses are reported. 
Descriptive statistics and analysis o f variance procedures were used to determine the 
preferred yogurt treatments that were further evaluated and refined by the expert panel 
in Phase n. In Chapter 3, the treatment and storage period combinations, materials, and 
methods used to produce sweet potato flavored yogurt in Phase H are described.
Sensory evaluation findings and physical and chemical analyses are reported. 
Descriptive statistics, multivariate analysis o f variance followed by post-hoc analysis of 
variance, and correlational studies were used. Chapter 4 contains conclusions and 
recommendations for future research are presented.
4
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CHAPTER 1: LITERATURE REVIEW
This section presents a review of related literature pertinent to understanding 
the nature o f yogurt, the nutritional value of yogurt, as well as, the chemical reactions 
that take place during the manufacturing process. In addition, the sweet potato is 
discussed and pertinent research findings to date are presented 
YOGURT
General Background Information
Yogurt is an acidified, coagulated product obtained from milk through 
fermentation with lactic-acid producing bacteria (Staff, 1998). O f all cultured milk 
products, yogurt is the most widely known and most popular throughout the world. 
Yogurt is thought to have originated in the Balkans and eastern Mediterranean regions 
o f Europe. Evidence suggests that nomadic tribesman discovered that when milk was 
allowed to hang in animal-skin containers, the whey would drain off, leaving a 
concentrated product with an extended shelf-life (Tamime and Robinson, 1985). The 
production o f “sour milk” soon became a standard method o f preservation.
Also contributing to yogurt’s popularity is its image as a health food. As early 
as 1907, scientists were hypothesizing a link between yogurt and health. Russian 
bacteriologist, Mitchnikoff, in his book, The Prolongation o f Life, proposed a 
connection between the longevity of Balkan peasants and their consumption of yogurt 
(Staff, 1998). As a result, yogurt-like products exist in many parts of the world today 
with fermented milk products manufactured in many countries of the world and
5
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approximately 400 generic names used to describe these traditional and industrialized 
products (Kurmann, et al, 1992; Tamime and Deeth, 1980).
The flavor, texture, and aroma of yogurt varies depending on its country o f 
origin. Countries vary in the raw materials and the manufacturing process used. For 
example, in western Europe, USA, and Australia, yogurt is made from cows’ milk, but 
in other countries where the use o f dairy cattle is inappropriate or not available, other 
mammalian milk such as goats’ milk is used. In some countries, yogurt is produced as 
a highly viscous liquid, while in other countries it is produced as a soft gel (Staff,
1998).
In recent decades, the popularity of yogurt has risen dramatically with 
significant growth seen in Western Europe and North America (Staff, 1998). Within 
the U.S., annual yogurt consumption has risen from I pound to 4.2 pounds per capita 
over the past two decades with total sales of refrigerated yogurt alone over 1 billion 
dollars (Chandan and Shahani, 1993). Today’s yogurt market is fragmented with 
marketing strategies focusing on calorie content, reduced fat content, natural or 
additive free, and children’s yogurts.
The success o f yogurt in the marketplace is attributable to several factors 
including: 1) mounting scientific evidence to corroborate consumer perceptions o f 
yogurt as a “good-for-you food,” 2) development and availability o f nonfat, low-fat, and 
reduced fat yogurts, 3) addition o f fruit preparations to enhance taste, color, and 
texture, 4) the use o f  nuts and grains to provide multiple textures and flavors, and 5) the
6
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use o f sweeteners, both natural and artificial, to moderate the acidic flavor (Chandan 
and Shahani, 1993).
Chemical Composition
Yogurt flavor is a multi-dimensional response to volatile components which 
include sugars/polysaccharide and organic acids. Traditional yogurt cultures utilize 
Streptococcus thermophilus and Lactobacillus, bulgaris to ferment lactose and sucrose 
to produce lactic acid and acid acetaldehyde (Tamime and Robinson, 1999). Yogurt is 
composed o f protein, fat, carbohydrates, lactic acid, citric acid, sodium, potassium, 
calcium, phosphorus, chloride, and bacterial mass (Chandan and Shahani, 1993). The 
amount o f each component present in the manufactured yogurt varies depending on the 
type o f raw materials (i.e. fat content of the milk, type of sweetener, etc.). Generally, 
yogurt contains more protein, calcium, and other nutrients than milk (Chandan and 
Shahani, 1993).
The U.S. Food and Drug Administration (FDA) has established standards for 
refrigerated yogurt. According to FDA standards, standard yogurt must contain not less 
than 3.25 percent milkfat and not less than 8.25 percent milk-solids unless called fat- 
free or low calorie (FDA, 1991). Optional ingredients may include vitamins A and D, 
nutritive carbohydrate sweeteners, flavoring ingredients, color additives, and 
stabilizers.
Nutritional Value
The nutritional value o f yogurt depends on its composition. The raw materials 
used, added ingredients, and the manufacturing process all affect the vitamins, protein, 
fat, and mineral content o f the finished product (Staff, 1998). Lactose is the
7
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predominant sugar in yogurt (4.1 percent for low fat yogurt) and is present in the 
fermented product at levels similar to those in milk (4.6 percent for low fat milk) 
(Chandan and Shahani, 1993, Tamime and Robinson, 1999). In general, yogurt has a 
nutritional value superior to that o f milk (Mareschi and Cueff, 1989). Yogurt is a good 
source of carbohydrates, proteins, vitamins A and D, and calcium, magnesium, and 
phosphorus. Carbohydrates in yogurt are generally more digestible than those in milk 
(Mareschi and Cueff, 1989). During the fermentation process, lactose is broken down 
to produce lactic acid, galactose, and glucose which are all compounds more easily 
absorbed by the human digestive system. This makes yogurt’s carbohydrates more 
digestible, especially for individual’s with lactase deficiency.
Protein and calcium are enhanced in yogurt through the addition o f milk powder 
during the production process or due to concentration o f the fluid milk. As a result, 
yogurt is a good source of both protein and calcium. Mineral content in yogurt is 
similar to that of milk. However, lactic induced acidification during fermentation 
results in an enhanced bioavailability which allows more o f these minerals to be 
absorbed (Mareschi and Cueff, 1989).
Health Value
People of central Europe and the Middle East have included yogurt and other 
related products in their diets for hundreds o f years. However, the western world 
virtually ignored the product until reports of its health benefits began to circulate early 
in the 20th century. Since that time, the perceived nutritive and health value of yogurt 
has been transmitted and enhanced through folklore across cultures (Speck and Katz,
8
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1980). Current research into the health benefits o f  yogurt suggest that: 1) yogurt aids 
lactose digestion, 2) yogurt increases mineral absorption, 3) yogurt is antagonistic 
toward certain food-borne pathogens, 4) yogurt may reduce the risk o f colon cancer, 
and 5) yogurt may exert positive influence on the human immune system.
Scientific research (Gallagher, Molleson, and Caldwell, 1974; Khan, Macrae 
and Robinson, 1979) suggests that yogurt can be added to the diets of individuals 
suffering from lactose intolerance. One explanation for this phenomenon is that the 
microorganisms in the yogurt metabolize the lactose after consumption so that the 
lactose content reaching the small intestine is too small to cause a reaction (Gallagher, 
Molleson, and Caldwell, 1974). Another possible explanation is that the yogurt is 
coagulated before entering the stomach and this coagulation stays somewhat intact after 
consumption which slows the diffusion o f lactose in the small intestine (Khan, Macrae, 
and Robinson, 1979). Regardless of the process involved, yogurt represents a  good 
source of protein and calcium for lactose intolerant individuals.
In addition, studies (Bianchi-Salvadori, 1986; Keating, 1985; Kim, 1988; Silles 
and Hilton, 1987) have reported that the L. bulgaricus and L. acidophilus in yogurt are 
antagonistic toward certain food bome pathogens such as salmonella, shigella, 
pseudomonas, and escherichia that may multiply and cause infection. The ingestion 
o f lactic organisms appears to provide protection against pathogens by regulating the 
“ecological” conditions, as well as, the interactions o f the diverse flora found in the 
human digestive system (Sellars, 1989). Several mechanisms are believed to be 
responsible for the protective effects o f yogurt including: 1) lowering of intestinal pH,
9
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2) competition for nutrients, 3) ability to adhere to intestinal mucosa and prevent 
colonization by pathogens, and 4) production o f  antitoxins. As a result, yogurt has 
been used in the treatment o f infantile diarrhea and as a preventive measure against 
travelers’ diarrhea.
Studies also indicate that the consumption o f yogurt containing Lactobacillus 
acidophilus may reduce the risk o f colon cancer through the direct and indirect 
reduction o f procarcinogens (Chandan and Shahani, 1993). In addition, studies (Friend 
and Shahani, 1984; Keating, 1985; Shackelford et al., 1983) suggest several factors 
contributing to the anticarcinogenic properties o f  yogurt including: I) inhibiting the 
formation o f carcinogens, 2) stimulating the immunological host system, and 3) 
reducing the fecal bacterial enzymes: (3-glucuronidase, azorductase, and 
nitroreductase. Directly, the lactobacillus may reduce the amount o f ingested nitrites 
available for conversion into nitrosamines in the gastrointestinal tract and may 
decrease the conversion o f bile salts and their derivatives thus reducing the potential 
for cancer.
Yogurt’s effect on the immune system is also being investigated. Feeding 
yogurt to mice has been shown to raise the serum immunoglobulins (DeSimone, 1988, 
DeSimone et al., 1989). In human studies, Halpem et al. (1987) found that young 
adults consuming 16 ounces of yogurt containing live and active cultures daily for four 
months showed an increase in y-interferon production by T-cells. The researchers also 
found that the consumption o f  yogurt resulted in desirable increases in serum ionized 
calcium levels.
10
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Types o f Yogurt
Many different types o f yogurt are commercially manufactured throughout the 
world. Yogurt can be subdivided into different types based on the following: 1) fat 
content as stipulated by legal standards, 2) physical nature o f the yogurt, 3) flavors, 
and 4) post-fermentation processing (Tamime and Robinson, 1999).
Legally, the standards for the chemical composition of yogurt existing in 
various countries are based on three possible types o f yogurt classified according to fat 
content (full, medium, or low) of the product (FAO/WHO, 1976). The use o f this 
classification system serves to standardize the product and protect consumers 
worldwide. In addition, Codes o f Principles (FAO/WHO, 1976) control the use of 
emulsifiers, stabilizers, preservatives, colorings, amount o f fruit added, and the types 
o f microorganisms used for fermentation (Staff, 1998).
Based on the method o f production, there are two types of yogurt, set and 
stirred. In set yogurt, fermentation o f the milk occurs in the retail container and the 
resulting coagulum is a continuous semi-solid mass (Tamime and Deeth, 1980).
During the production of set yogurt, the yogurt is filled into the retail container directly 
after inoculation and any added flavor is injected into the retail container just prior to 
the addition o f the inoculated milk. In contrast, stirred yogurt is inoculated and 
incubated in a fermentation vessel resulting in a coagulum produced in mass (Staff,
1998). During cooling and packaging, the coagulum is broken.
The addition of flavorings to the yogurt is another way to differentiate between 
types o f yogurt (Tamime and Deeth, 1980). Flavored yogurt can be divided into three
11
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categories: plain or natural, fruit, and flavored. Plain or natural yogurt is the traditional 
yogurt that has a sharp, nutty flavor. Sugar may be added to plain yogurt to lessen the 
acidic taste. Fruit yogurt is produced by adding fruit, usually in the form o f preserves, 
puree, or jam. Fruit preparations added to yogurt are below pH 4.0 so as not to 
interfere with the fermentation o f the yogurt (Staff, 1998). Flavored yogurt is made by 
adding sugar or other sweeteners, artificial flavorings and colorings to plain yogurt. 
The fruit and flavorings are usually added to the yogurt after cooling o f the fermented 
yogurt and before placing it into the retail container.
Processing o f yogurt during the post-incubation period also yields different 
types of yogurt (Tamime and Deeth, 1980). Most new yogurt products have resulted 
from new processing techniques incorporated in the post-incubation period. Examples 
o f these new products include dried yogurt, pasteurized/UHT yogurt, and frozen 
yogurt All of these products originate as yogurt, but are altered at the post-incubation 
stage. Pasteurized/UHT yogurt is heat treated after incubation which results in 
destruction of the yogurt starter bacteria which altering the flavor o f  the finished 
product. Dried yogurt is produced by sun-diying, spray-drying, or freeze-drying. In 
many rural areas in the Middle East, sun-drying is used to preserve yogurt produced 
from excess summer milk production for winter consumption (Tamime and Deeth, 
1980). The drying process also destroys the yogurt starter bacteria which causes some 
loss of flavor (Robinson and Tamime, 1975). Manufacture o f frozen yogurt parallels 
that o f yogurt up until the freezing process. At that time, large quantities of sugar and
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stabilizers are added to the yogurt to maintain the air bubble structure during the 
freezing process.
Yogurt Production
Historically, yogurt was first manufactured by boiling milk to cause partial 
concentration after which the milk was cooled to the equivalent o f body temperature 
and inoculated by mixing in some o f  the yogurt produced on the previous day (Elliker, 
1949). The use of the previous day’s yogurt to inoculate the milk, combined with the 
low incubation temperature, as compared to the optimum temperature o f 40-45°C, 
tended to upset the balance between the S. thermophilus and L. bulgaricus, causing 
undesirable side effects. In addition, this early production method offered no control 
over the lactic acid level produced during the manufacturing process (Tamime and 
Deeth, 1980). All o f  these problems, led to changes in the manufacturing process for 
yogurt and resulted in the processes in use today.
Yogurt manufacturing in the 20* century is still not uniform (Staff, 1998). The 
process varies from manufacturer to manufacturer. In addition, the composition of the 
yogurt itself differs based on the geographic region. However, to produce a high 
quality yogurt, certain factors must be carefully controlled. According to the Dairy 
Processing Handbook (1997), to produce high-quality yogurt with the required aroma, 
viscosity, consistency, freedom from whey separation, and long shelf-life, the 
following factors must be considered: 1) choice o f milk base, 2) added ingredients, 3) 
homogenization, 4) heat treatment, and 5) culture preparation.
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Ingredients 
Milk
The primary ingredient o f  yogurt is milk or ingredients derived from milk. The 
most commonly used ingredients are whole milk, skimmed milk, skimmed milk 
powder, cream, concentrated skim milk, and milk protein concentrates (Staff, 1998). 
The fat and solid contents o f  milk selected for yogurt production should be 
standardized. Milk standards vary throughout the world. For example, in the USA 
(Tamime and Deeth,1985) 0.5-1.0 percent is considered low fat, 2.0 percent is 
considered medium fat, 3.25 percent fat is considered normal, and SNF averages 8.5 
percent. FAO (1973) considers 0.5 percent fat as low fat, 0.5-3.0 percent fat as 
medium, 3.0 percent fat as normal, and 8.2 percent SNF is standard. In the United 
Kingdom (Tamime and Deeth,1985) 0.3 percent fat is categorized as low fat, 1.0-2.0 
percent fat as medium, 3.5 percent fat as normal, and 8.5% SNF is standard. The milk- 
based ingredients selected for yogurt production must not contain antibiotics, must not 
have a high bacteria count and must not contain any enzymes and chemical substances 
which will slow down the development o f the yogurt culture. Milk used for yogurt 
production must be carefully analyzed at the dairy to assure that these criteria are met. 
Sweeteners
A number o f ingredients such as sweeteners, stabilizers, fruit preparations, and 
preservatives may be added to the initial milk base of the yogurt. Among these added 
ingredients, sweeteners are one o f the most frequently used. Sweeteners are added to 
mask or compensate for the acidity produced during the fermentation process. The
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amount o f sweetening agent added depends upon the type and acidity o f the fruit used, 
the type o f sweetening compound used, consumer preference, economic factors, legal 
restrictions, and the inhibiting effects on the starter microorganisms (Staff, 1998). The 
most common method of adding sweeteners is to include the sweetener in the fruit 
concentrate. The levels o f sweeteners present in fruit concentrate ranges from 25-65 
percent with the most common level being 30-35 percent (Tamime and Robinson, 
1985). The addition of too much sugar (>10 percent) prior to milk inoculation, 
incubation, and fermentation produces an adverse effect on fermentation by changing 
the osmotic pressure of the milk (Marshall and Mabbitt, 1980).
Yogurt Cultures
The primary function of any starter culture used in yogurt production is to 
produce as much lactic acid in as short a  time possible to ferment the milk from a pH 
of 6.4 - 6.7 to a pH of 3.8 - 4.2. In addition, starter culture must give the final product 
the texture, the viscosity, and the flavor acceptable to the consumer (Staff, 1998). 
Starter cultures can be divided into two groups, mesophilic and thermophilic, based 
upon their temperature growth characteristics. Thermophilic, within the dairy industry, 
refers to cultures that are most active between 35-45°C (Staff, 1998). The term, 
mesophilic, is used to describe starter cultures with optimum growth ranges between 
20-35°C (Staff, 1998; Stainer et al., 1977). Cheese cultures are typically mesophilic 
while yogurt cultures are thermophilic.
Most commercial yogurt manufacturing utilizes combinations o f Lactobacillus 
bulgaricus and Streptococcus thermophilus as starter cultures (Tamime and Robinson,
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1999). The cultures are supplied in liquid, frozen, or freeze-dried form. Combinations 
o f  these two starter cultures rank high on factors contributing to starter performance 
evaluation such as: 1) rapid acid development, 2) production of typical yogurt flavor, 
body, and texture, 3) reasonable fermentation time and temperature, 4) survival of 
culture viability dining shelf-life o f the yogurt, and 5) minimum acid production 
dining distribution and storage o f the yogurt at 4-10°C (Chandan and Shahani, 1993).
Tamime and Robinson (1999) report that research on yogurt starters and their 
effect on textural and organoleptic characteristics has found significant differences 
between the resulting yogurts for each sensory attribute except gel firmness. In 
additiion, yogurt produced using exopolysaccharide cultures demonstrated increased 
viscosity.
Stabilizers
Stabilizers are also often used in the production o f yogurt. The most 
commonly used stabilizers are modified or natural starches, alginates, pectin, agar, 
edible gums, and celluloses (Staff, 1998). The main function o f stabilizer is to prevent 
separation in the yogurt. These stabilizers are hydrophillic colloids which bind water. 
Other functions o f stabilizers in yogurt are: 1) to influence texture and structure, 2) to 
aid in the suspension o f fruit particles, and 3) to improve viscosity during processing 
and in the final product (Staff, 1998; Tamime and Robinson, 1999).
Each manufacturer must select a stabilizer and determine the rate at which it 
should be added. Care must be taken to use the correct concentration o f stabilizers. 
Too low a concentration will not produce the desired effects and too much will result
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in undesirable appearance and a rubbery texture (Tamime and Robinson, 1985). 
Correctly produced natural yogurt does not require the addition o f stabilizers to 
achieve a firm coagulum with high viscosity. The use o f  stabilizers has been used as a 
means o f  reducing production costs by replacing milk solids and fat with stabilizers. 
However today, stabilizers are generally always used in flavored yogurt and must be 
used in pasteurized yogurt (0.1-0.5 percent).
Fruit and Flavors
Fruit and flavor is usually added to the yogurt after the fermented yogurt has 
cooled and before it is placed into retail containers. The fruit can be fresh, frozen, or a 
mixture of fruit with flavors, stabilizers, sweeteners, or preservatives added. Usually 
the fruit preparations are below pH 4.0. The fruit should be as homogenous as possible 
because it is usually added continuously to the fermented yogurt via a variable speed 
metering pump (Staff, 1998). The fruit or fruit mixture is added volumetrically at 12- 
18 percent levels into the fermented yogurt in stirred manufacture after single stage 
cooling or after the first-stage o f a two-stage cooling (Staff, 1998). For the 
manufacture o f set type yogurt, the fruit or flavors are added to the retail container at 
the time o f filling or into the milk itself.
Preservatives
Preservatives are used in yogurt, either directly in the milk prior to 
fermentation or in the fruit preparation added to the yogurt (Staff, 1998). The most 
commonly used preservatives in yogurt are potassium sorbate, sodium benzoate, and
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sulphur dioxide. Many countries stipulate the type and amounts o f  preservatives that 
can be used in yogurt.
Processing
Although manufacturing o f yogurt is not uniform, certain essential steps are 
involved. The steps in producing stirred and set yogurt are the same during pre- 
incubation. The first step in the manufacture o f both yogurt types involves combining 
all the ingredients included in the base material.
Homogenization
Homogenization is the second step and is an important part o f the yogurt 
manufacturing process. Homogenization follows the combination o f the base material 
so that separation o f fat does not occur during fermentation, storage, and 
transportation. The homogenization is usually done before heat treatment (Storgards, 
1964; Marstens, 1972) but in some instances is done after heat treatment (Girginov, 
1971). It is generally recommended that the milk be homogenized at 20-25 Mpa and 
65-70°C to obtain the optimum physical properties in the finished product. The main 
purpose for homogenization is to evenly disperse the milk constituents and increase 
the viscosity and coagulum stability o f the yogurt (Tamime and Deeth, 1980).
Heat Treatment
Milk used in the commercial manufacture of yogurt is heat treated prior to 
inoculation. Heat treatment follows homogenization and is accomplished in the heating 
section of a plate heat exchanger in which the temperature can be raised to a minimum 
of 80°C. The recommended heat treatment is 90-95°C for 5 minutes. Milk is heat-
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treated before inoculation in order to improve the properties of the milk as a substrate 
for the bacterium culture. Among the most important changes induced by heat 
treatment are changes in the physico-chemical structure o f the milk proteins, the 
lowering o f the pH, and the effect on the nutritive properties for bacterial starter growth 
(Tamime and Deeth, 1980). The effect o f  heat treatment on protein has been identified 
as a two-stage process in which the structure is altered causing denaturation and 
aggregation followed by coagulation (Parry, 1974). Heat treatment also insures that the 
coagulum of the finished yogurt will be firm and reduces the risk o f whey separation.
A treatment o f 90-95°C for 5 minutes denatures approximately 70-80 percent o f  the 
whey proteins and helps to give the yogurt a stable body.
Cooling
After the heat treatment, the milk is cooled until it reaches the proper 
temperature for inoculation. For the set method, the inoculation temperature is 
approximately 42 °C. It is very important for the inoculation temperature to be accurate. 
If  the temperature is too high, the starter microorganisms will be killed or inhibited. If  
the temperature is too low, fermentation time must be extended.
Inoculation
Once the temperature for inoculation is reached, yogurt starter is added. The 
method o f starter addition is, to a degree, influenced by the form o f yogurt culture used. 
For example, bulk starter is generally added to the milk using a dosed injection system. 
Freeze-dried and deep frozen starters, on the other hand, are usually added aseptically 
to the fermentation vessel, once the vessel has been partially filled. In all instances, 
good agitation is needed to evenly distribute the starter throughout the milk.
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Fermentation
Fermentation is the next step in the production process and it is at this point 
. that the production o f stirred and set type yogurt begins to differ. In the manufacture of 
stirred yogurt, bulk incubation takes place in large, hot-water jacketed incubation tanks 
with 5000 - 10000 liter capacity. For set yogurt, fermentation takes place once the 
product is placed in the retail container. Incubation temperature for set yogurt is 
dependent on the type o f starter used and the proposed length o f  incubation. The 
incubation o f  the containers takes place in a warm air incubation room. For stirred 
manufacture, the point at which incubation is stopped depends on the size o f the 
fermentation tank, the time necessary to empty the tank, and the final pH desired. In 
the case o f  set yogurt, considerations such as the retail container size and circulation of 
the chilled air in the chill store will be considered when deciding at what pH to move 
the containers from the incubation room to the chill store (Staff, 1998).
Striking
The striking stage is only used in stirred manufacture and it occurs after 
fermentation. Dining striking, the warm gel/curd is broken down and the whey 
reincorporated. This is achieved by slow speed paddle agitation for approximately 5-10 
minutes. This agitation also tends to inhibit the culture activity and slows the rate of 
acidity development (Staff, 1998).
Cooling
Cooling the coagulum begins as soon as the fermented yogurt reaches the 
desired acidity. The desired acidity is generally between 4.5 - 4.6 pH. For stirred
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yogurt, cooling occurs by pumping the yogurt through a plate or tubular cooler. A two 
stage cooling process is used by some yogurt manufacturers where fruit is added to the 
sieved yogurt at approximately 20 °C and then placed in retail containers and stored at 
5°C. However, Anon (1977) recommends primary cooling to 24°C followed by 
secondary cooling at 7-10° C for the first 5-6 hours followed by a final cooling at 1-2° 
C for the rest o f the cooling period. For set yogurt, the cooling takes place inside the 
retail container and therefore is started before the final pH is reached. When 
transferring the retail containers from the incubation room to the chill store, care must 
be taken not to ja r or shake the containers. The coagulum is fragile at this point and 
“wheying off” may occur as a result o f too much physical movement (Staff, 1998). 
Packaging
Packaging is a step that pertains only to stirred manufacture. In stirred yogurt 
manufacture, the yogurt or fruited yogurt is held in tanks prior to filling. In fruited 
yogurt, viscosity at this stage must be sufficient to suspend the fruit particles so even 
distribution is achieved when filling the containers (Tamime and Robinson, 1999). 
Products such as “fruit on the bottom” yogurt in which yogurt and fruit are offered 
separately in one container will require the use o f a dual head filling machine. 
Likewise, layered “parfait” style products require multihead filling machines.
Packages for yogurt include polyethylene, polypropylene, polystyrene, polyvinyl 
chloride, and paper cartons. Aluminum foil is generally used to seal the containers. 
Due to the acidity o f the yogurt and the requirement that the foil be heat sealed to the 
container, the aluminum foil is usually coated with a layer o f  plastic.
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Chill Storage
After packaging, the yogurt is placed in chill storage. Shelf-life for the majority 
o f yogurt is 15-21 days (Staff, 1998). The chill storage should be 2-5 °C and at no time 
should the temperature rise above 10 °C. Any temperature variation will result in 
changes in texture, viscosity, and can increase biochemical reactions in the yogurt. 
Exposure to higher temperatures can increase biochemical reactions such as fat 
oxidation, hydration o f protein components, and changes in fruit color (Staff, 1998). 
Distribution
Distribution or transportation is the final step in the manufacturing process. 
Yogurt is exposed to textural stress during transportation and set yogurt is particular 
susceptible (Staff, 1998; Tamime and Robinson, 1999). Any fluctuating temperatures 
during distribution can also adversely affect the yogurt by reducing viscosity. As 
improvements in the physical characteristics o f the yogurt take place during the first 24- 
48 hours of cold storage, it is recommended that the yogurt remain in chill storage for at 
least 24 hours prior to distribution.
Chemical Changes During Fermentation
Within approximately three hours, the two bacteria, Streptococcus thermophilus 
and Lactobacillus bulgaricus transform milk into yogurt Through the multiplication of 
these two bacteria, which begins after inoculation, the physical, chemical, and 
bacteriological, organoleptic, nutritional, and physiological characteristics of the milk 
are changed. The changes in chemical composition occurring during yogurt 
fermentation affect carbohydrates, proteins, lipids, vitamins, and minerals.
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Carbohydrates
Lactose is the most important sugar in milk used in the production of 
unsweetened yogurts (Chandan, 1982). It is a disaccharide comprised o f glucose and 
galactose and is used by the two yogurt bacteria as a main source o f carbon and energy. 
During fermentation, lactose is utilized when the enzyme, permease, passes through 
the cell membranes, after which the enzyme, (3-galactosidase, splits the lactose into 
glucose and galactose. The galactose accumulates as most strains of Streptococcus 
thermophilus and Lactobacillus bulgaricus cannot use it (Somkuti and Steinberg,
1979). Within the bacteria cells, the glucose is converted into pyruvic acid and then 
into lactic acid through a  series o f reactions. Other important organoleptic end- 
products are produced as a result o f this conversion including acetaldehyde, diacetyl, 
acetoin, and acetone. The lactic acid produced leads to a reduction o f milk pH. As 
soon as the milk pH reaches the isoelectric point o f casein (pH 4.6), the calcium- 
caseinate-phosphate complex becomes destabilized and a  curd is formed (Loones, 
1989).
Protein
During fermentation, milk proteins are transformed to provide the amino acids 
required for bacteria growth. Research by Somkuti and Steinberg (1979) indicated that 
the number o f NH2 groups doubled in yogurt as compared to heated milk after 24 
hours. The proteolysis continues during yogurt storage at 7°C.
As reported by Tamime and Deeth (1980), the many differences in the profiles 
o f amino acids in yogurt result from the origin o f the milk used, the variability o f the
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bacteria strains used, the rate o f inoculation, the ratio o f streptococci to lactobacilli, 
and the conditions present during yogurt storage. The major amino acids in yogurt are 
proline and glycine (Loones, 1989). The free amino acid content increases 3.8-3.9 
times during the fermentation process. The lactic acid bacteria used in the 
fermentation process require many essential amino acids for growth because o f  their 
inability to synthesize them from more simpler sources of nitrogen (Tamime and 
Robinson, 1999).
Lipids
A very weak Iipolysis occurs during the fermentation process. A slight increase 
in oleic acid and a slight decrease in linoleic and linolenic acids were reported by Rao 
and Reddy (1984). Lactobacillus bulgaricus has lipase activity with a higher rate of 
hydrolysis occurring with substrate containing short chain fatty acids (Chandan, 1982; 
El Soda et al., 1984). Streptococcus thermophilus also has lipase activity which is 
more active toward short chain fatty acids (DeMoraes and Chandan, 1982).
Vitamins
During fermentation o f yogurt, vitamins B12 and panothenic acid, are consumed 
by the lactic acid bacteria while folic acid is synthesized (Loones, 1989). Streptococcus 
thermophilus and Lactobacillus bulgaricus also need panothenic acid and riboflavin to 
grow (Desmazeaud, 1983). Research (Friend et al., 1983) showed that Lactobacillus 
bulgaricus consumes folic acid while Streptococcus thermophilus synthesizes it.
Results o f studies (Aim, 1982; Collins, et al., 1991; Hewitt and Bancroft, 1985; 
Reddy et al., 1976) have been variable with respect to other vitamins. This variability 
may be attributed to the differences between starter cultures used, temperature and
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time o f incubation, type o f yogurt produced, or storage conditions. Changes in the 
vitamin C, vitamin A, and pro-vitamin A content o f yogurt is due more to conditions of 
production and storage than to the metabolism of the bacteria (Loones, 1989).
SWEET POTATO 
General Background Information
The sweet potato (Ipomea batatas) is a starchy crop grown in many tropical 
and subtropical regions o f the world. The cultivar serves as an important food source 
in many developing countries throughout the world. In developed countries, the 
majority o f the sweet potato crop is processed by industry. The largest producer of 
sweet potatoes in the world is China producing 80 percent of the world’s total 
production (FAO, 1994). Within the United States, North Carolina is the largest 
producer followed by Louisiana (USDA, 1996, Picha and Hinson, 1996). The sweet 
potato can be grown on marginal land or rotated with other crops. It is used as food, 
feed, and as an industrial raw material.
The most common commercially produced sweet potato cultivars in the United 
States are ‘Jewel’ and ‘Beauregard’ representing 90 percent of the commercial crop 
(USDA, 1996). Their popularity is due in part to the fact that American consumers 
prefer sweet potatoes with bright orange flesh, containing a high level o f maltose after 
cooking and a dry matter content of around 30 percent (Woolfe, 1992).
Chemical Composition
The exact chemical composition o f the sweet potato varies with cultivar and 
environmental conditions (Kays, 1992). In general, sweet potatoes consist of starch
25
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(44-78 percent), sugar (8-27 percent), protein (1-12 percent), fiber (2-8 percent). Dry 
matter represents approximately 12-42 percent of the root weight. (Edmond and 
Ammerman, 1971; Tsou and Hong, 1992).
Starch in the sweet potato is o f two types: 1) transitory starch that is produced 
in the leaves o f the plant during the day and then converted to sucrose, and 2) reserve 
starch that is synthesized and stored in the roots o f the plant (Kays, 1992). Within the 
sweet potato root, starch is found in two forms: amylose and amylopectin. The ratio of 
amylose to amylopectin effects the properties of the starch contained within the root.
Identified sugars in sweet potato roots include sucrose, glucose, fructose, 
inositol, verbascose, maltotriose, and maltose (Son et al., 1991) with the primary 
sugars being sucrose, glucose, and fructose (Kays and Horvat, 1984; Martin, 1986; 
Picha 1985, 1986, 1987). Maltose and maltotriose are formed due to the action of the 
amylase enzymes when the sweet potato root is cooked. When cooked, approximately 
65-70% of the starch is hydrolyzed to maltose (Walter et al., 1975). In baking, the 
primary sugars in the sweet potato also change (Horvat et al., 1991). In some instances, 
the sugar content in sweet potatoes reaches 50 percent o f dry weight after baking. 
Research on consumer preferences indicates that up to a certain point, the higher the 
sugar content in the cooked product, the higher the sensory acceptance scores (Koehler 
and Kays, 1991). Additionally, maltose was the preferred sugar by panelists.
The protein concentration in the sweet potato root varies widely between 
cultivars and is not uniform in its distribution. Protein content is generally higher at 
the proximal and distal ends of the root (Purcell et al., 1976). In addition, the crude
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protein is higher in the tissue o f the outer layer (Bradbury et al., 1984; Purcell et al., 
1976). The protein concentration in the storage root ranges from 1.3 to greater than 10 
percent on a dry weight basis (Purcell et al., 1972, Goodbody, 1984). Total protein 
concentration for the following three sweet potato products is: 7.52 percent for baked 
sweet potatoes, 5.55 percent for canned sweet potatoes, and 7.06 percent for sweet 
potato flakes (Woolfe, 1992). The type o f heat treatment affects the amino acid 
content o f the subsequent sweet potato product.
Fiber in the sweet potato consists o f soluble nonstarch polysaccharides, pectin, 
hemicellulose, cellulose, and lignin (Holloway, 1983; Lund and Smoot, 1982). Several 
studies have determined the fiber content of sweet potatoes (Holloway, 1983; Larbi 
and M’barek, 1985; Lund, 1982). The average dietary fiber content was as high as 14 
percent.
Nutritive and Health Benefits
Sweet potatoes are rich in carbohydrates which makes them an excellent source 
of energy (Mathia, 1975). The sweet potato also contains protein and is low in fat. In 
fact, in some tropical regions o f  the world, people depend on the sweet potato for their 
dietary protein (Thompson, 1984). Some sweet potato cultivars contain more than 9 
percent protein (Purcell et al., 1972). The root is also a good source o f vitamin C and 
provitamin A as these are the most prevalent vitamins in the sweet potato. Provitamin 
A is an essential nutrient for the maintenance o f epithelial tissue, growth, normal 
vision, and reproduction (Clemens and Brown, 1986). Other vitamins present in 
significant value include thiamin, riboflavin, and niacin. The sweet potato is an
27
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
excellent source o f dietary fiber. Dietary fiber includes cellulose, hemicellulose, 
lignin, and pectin (Eastwood and Passmore, 1984; Schneeman, 1986). Research 
(Kelsey, 1978) suggests that a  continued lack o f dietary fiber can lead to serious 
disease states that include diverticulitis, color cancer, chronic constipation, diabetes, 
and other diseases o f the gastrointestinal tract. Sweet potatoes, with their deep orange 
flesh contain a high level o f beta carotene which initial research suggests may have 
anti-cancer and anti-ulcer properties (Martin, 1983).
Sweet Potato Products
Research has found that, in general, the highest consumption of sweet potato 
occurs among the lowest income groups, and that as income rises, the consumption of 
sweet potato falls (Woolfe, 1992). In an attempt to capitalize on the nutritional value 
of the sweet potato and increase consumption, a number of products have been 
developed to promote sweet potato consumption among different strata o f  society. 
These products include sweet potato puree, baked sweet potatoes, and innovative 
products such as sweet potato beverages, frozen sweet potato products, sweet potato 
chips, and fries.
In the Philippines, a procedure was developed to process sweet potatoes into a 
non-alcoholic fruity beverage. The steps involved in producing the beverage included 
washing, peeling, trimming, steaming, extracting, and formulating the beverage with 
12 percent v/w sugar, 0.20 percent w/v citric acid, and 232 mg L'1 ascorbic acid as 
vitamin C fortification (Truong and Fementira, 1988). The resulting beverage was 
bottled in 150 ml glass containers and pasteurized at 90-95 °C. Sweet potato varieties
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with roots varying from white to dark orange were evaluated. The orange, fruity sweet 
potato beverage received the highest sensory scores on color and acceptability by 
consumers. Additional juices or pulps from other fruits such as guava, pineapple, and 
Philippine lemon were added to the sweet potato beverage at concentrations ranging 
from 0.6 to 2.4% w/v. Aroma scores improved significantly as a result of the fruit juice 
additions. When compared to other commercial fruit drinks, 54 percent to 73 percent 
o f the consumers tested rated the fruity sweet potato beverage as better than the 
commercial juice products that they usually drink. The findings from this research 
indicated that the fruity sweet potato beverage to compete for market share with 
commercial fruit juices.
Frozen sweet potatoes are available in many developed countries throughout 
the world, however they account for only a small amount of the total sweet potato used 
(Walter and Wilson, 1992). The quality of the frozen sweet potatoes depends primarily 
on the processing operation. Generally, the first processing step involves peeling the 
sweet potato. In some instances, the roots must be sized after peeling. After peeling 
and sizing, the sweet potato roots are cut, sliced, or pureed depending upon the product 
being produced. The sliced or pureed sweet potato is then heat treated by blanching or 
cooking. During this step o f processing, it is extremely important that the internal 
temperature reaches 88 °C so that the destructive enzyme systems are inactivated. At 
the time of heat processing, chemicals or flavorings can be added to enhance the color, 
texture, and flavor of the frozen sweet potato product. Following the heat processing 
step, the product is drained, cooled, and then frozen. Quick freezing is the preferred
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method as it insures the formation o f  small ice crystals. The quick freezing can take 
place before or after packaging the sweet potatoes. Freezing the sweet potato product 
after packaging is more convenient and protects the product from dehydrating. On the 
other hand, freezing prior to packaging can be done more quickly, but with exposure of 
the product to dehydration during freezing. Plate freezers are usually used for products 
packaged prior to freezing while air-blast, immersion and cryogenic freezers are 
usually used for products frozen prior to packaging. Regardless o f the freezing method 
or the type o f freezer used, the product should be frozen quickly to below -30 °C. It is 
also important that the product be stored at temperatures below -17.8°C. Frozen sweet 
potato products have been shown to withstand frozen storage up to six months without 
deterioration o f their sensory qualities (Schwartz et al., 1987).
Several studies have been conducted on the preparation of sweet potato fried 
chip products (Kelley et al., 1958; Hoover and Miller, 1973; Hannigan, 1979). The 
primary problem reported in these studies has been discoloration caused by enzymatic 
and Maillard-type reactions. In 1986, Walter and Hoover prepared french fried sweet 
potatoes by lye-peeling the roots and cutting them into strips 1.9 cm. wide and 0.6 cm. 
thick. The strips were blanched in 100° C water containing 1% sodium acid 
pyrophosphate for 2.5 minutes and then partially dried in a force air dryer at 121 °C. 
The strips were frozen and cooked in 175°C oil for 2.5 minutes. Sensory panelists 
evaluated the strips and reported that strips dried for 5 minutes were the most 
acceptable.
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A study conducted by Borzorgmehr (1987) examined the effect o f processing 
and storage on sweet potato chips made from various sweet potato cultivars. During 
the storage period and in instances when salt was used, a decrease in beta carotene was 
noted. Additionally, taste panelists detected the presence of a slight o ff flavor after the 
chips had been stored for 9 weeks.
Preparation of Sweet Potatoes for Processing
Preparation o f sweet potatoes for processing varies somewhat based on the 
product being produced, however the process usually involves washing, peeling, sizing, 
cutting/slicing/pureeing, and blanching or cooking followed by further product specific 
processing. The first step involves washing the sweet potatoes upon delivery to remove 
any soil. Peeling is the next step in processing. Several methods o f  peeling may be 
used and this depends on the end product being produced. Heat mediated peeling 
operations include lye-peeling, steam peeling, and combination lye and steam peeling. 
Abrasion peeling can also be used. Each peeling process has certain disadvantages.
When selecting a  peeling method, the processor is concerned about losses and 
discoloration. Lye peeled sweet potatoes often exhibit increased discoloration caused by 
the activation of PPO enzymes (Scott et al., 1944; Scott and Kattan, 1957) beneath the 
surface of the skin in the peeled root. By preheating the roots prior to peeling, this 
problem can be prevented (Hernandez, 1970). Additionally, lye peeling leaves the 
processor with a high pH waste which must be neutralized prior to disposal. Even 
though widely used by the processing industry, lye-peeling results in  the largest peeling 
losses of all available methods. Research (Smith et al., 1982) reported peeling yields of
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85.9 percent for lye peeled sweet potatoes while steam peeling resulted in yields o f 94.7 
percent and the use of superheated steam increased peeling yields as high as 97.7 
percent. Steam peeling solves the waste problem and the peeling loss problem, but is 
less effective in removing deep blemishes. Sometimes a short lye-peeling step is 
followed by steam peeling. Abrasion peeling is the least effective o f all methods and 
results in peeling losses o f up to 35 percent (Walter and Wilson, 1992).
Following peeling, the sweet potatoes are sized if needed in the production 
process and then cut, sliced, or pureed. Discoloration is a major problem for many 
sweet potato products and can be enzymatic or nonenzymatic. The enzymatic 
discoloration appears brown or black in color. Polyphenol oxidase enzyme catalyzes the 
oxidative polymerization o f the endogenous phenolics in the sweet potato which can 
happen during mechanical slicing or heating (Walter and Wilson, 1992). Discoloration 
can be avoided by lowering the pH through addition of acidulants or the use o f 
inhibitors such as sulfite or ascorbic acid. The addition of these additives such as citric 
acid, pyrophosphates, or lemon juice occurs after cutting, slicing, or pureeing. The 
slices or puree is then heat processed by blanching or cooking using steam, water, or 
sucrose solutions. The internal temperature must reach 88°C to inactivate destructive 
enzymes (Walter and Wilson, 1992).
After blanching, the product is drained, if  required for processing, and then 
cooled. At that point the remainder o f  the process becomes product specific and 
depends on the desired final product
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Sweet Potato Yogurt
The current trend in commercial yogurt production involves m ixing the product 
with a wide variety o f food ingredients in an attempt to increase consumption (Tamime 
and Robinson, 1999). Examples o f added ingredients include dried fruit and  vegetable 
powders containing natural sources o f pectin and vitamin C (Arkhipova and 
BCrasnikova, 1995). In addition, carrot pulp and other extracts have been msed to flavor 
yogurt (Ryckeboer and Louis, 1992; Vesley, et al., 1995). Consumer acceptability of 
vegetable flavored yogurt including cucumber, cauliflower, nuts, celery, coconut, and 
spices has been evaluated (Tamime and Robinson, 1999). In an attempt to  appeal to 
children, yogurt mixed with puffed cereal or with sweet “sprinkles” has appeared on 
the market.
The flavor, color, textural, and nutritive properties o f the sweet potato offered 
possibilities for a new low-calorie, high nutrition product when combined with yogurt. 
Reichert (1989) first published the results of a study combining sweet potato and 
yogurt in a University of Tennessee extension publication. Results suggested that the 
sweet potato worked well in yogurt by masking the flavor o f the sour milk; and by 
providing a portion o f the thickener necessary for good texture.
Additional research has been conducted into the commercial feasibility of 
yogurt with sweet potato as an ingredient (Collins et al., 1991; Ebah, 1987). Collins et 
al. (1991) tested various sweet potato and yogurt formulations to determime the 
formula most favored by consumers. Panelists evaluated the sensory characteristics of 
yogurt formulas with 12 percent, 14 percent, 16 percent and 18 percent sv^eet potato
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combined with .44 percent gelatin. The panelists indicated a  preference for yogurt with 
16 percent sweet potato. Yogurt containing 16 percent sweet potato had mean values 
for flavor (6.3), texture (6.8), color (6.3), and acceptability (6.4) higher than those of 
yogurt containing 14 percent and 18 percent sweet potato.
In addition, the effect o f sweet potato on titratable acidity, color and firmness 
o f the yogurt was also examined. With respect to the effect o f sweet potato on the 
production o f lactic acid, Collins et al. (1991) found that for all percentages o f sweet 
potato, the production o f lactic acid decreased as the percentage o f added sugar 
increased from 4% to 6% and as incubation time increased. Only three treatments 
produced the desired 0.85% titratable acidity: 1) 12 percent sweet potato and 4 percent 
sugar, 2) 12 percent sweet potato and 4.67 percent sugar, and 3) 14 percent sweet 
potato and 4.67 percent sugar. The higher percentage o f sweet potato and sugar 
appeared to inhibit bacterial growth and the subsequent conversion o f sugars into 
acids. In addition, as the level o f sweet potato and sugar increased, gelation was less 
pronounced. The findings o f Collins et al. (1991) were consistent with those of 
Wilson-Walker (1982) who reported that high sugar levels inhibited the growth of 
yogurt cultures.
In other research conducted by Collins, et al. (1991), the percentage o f sweet 
potato in the yogurt had a significant effect on the moisture, fat, and carbohydrate 
content of the yogurt As the amount o f sweet potato increased, the moisture 
decreased, fat decreased, and total dietary fiber increased. In addition, the percentage 
o f  sweet potato affected the calorie, vitamin A, and vitamin C content of the yogurt. As
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the level o f sweet potato increased, the calorie content decreased as the level o f fat was 
decreased. Levels o f vitamin C and vitamin A also increased as the percentage of 
sweet potato increased.
Ebah (1987) examined sweet potato flavored yogurt for changes in sugar 
content as measured by changes in glucose, fructose, sucrose, lactose, and maltose.
The percent of sweet potato in the yogurt resulted in statistically significant differences 
in the levels o f fructose, glucose, sucrose, and lactose with levels lower for yogurt 
containing 14 percent sweet potato as compared to yogurt containing 16 or 18 percent. 
Maltose, however, did not demonstrate significant differences between the three sweet 
potato percentages. Interestingly, as the sweet potato level increased, the calcium and 
zinc content of the yogurt decreased.
All previous studies have added sweet potato to the yogurt mixture prior to 
fermentation. No studies to date have examined the effect o f adding sweet potato pre­
fermentation and post fermentation on consumer acceptability and the fermentation 
process. In addition, studies have yet to examine the storage effect on consumer 
acceptability, titratable acidity, dry matter content, viscosity, and carbohydrate content 
of sweet potato flavored yogurt.
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CHAPTER 2
PHASE I: THE EFFECT OF SPICED SWEET POTATO PUREE 
ON CONSUMER PREFERENCE, PH, VISCOSITY, AND 
CARBOHYDRATE CONTENT OF LOW-FAT YOGURT
INTRODUCTION
Phase I of the study was designed to determine the fat content, spice 
concentration, and fermentation method most preferred by consumers. In addition, 
Phase I of the study examined the effect o f the spiced sweet potato mixture on the 
incubation and fermentation process. There were 52 consumer panelists, each of 
whom was considered a  replication. For each o f the 13 treatments, 24 data points were 
analyzed. The 13 treatments are listed in Table 1.
Table 1. Phase I Yogurt Treatments ^=13^
Treatment Number
% Fat in 
Milk
% Spice in 
Yoeurt
Addition of 
Sweet Potato*
1 0 0.0 Before
2 0 0.2 Before
-*>
3 0 0.4 Before
4 0 0.0 After
5 0 0.2 After
6 0 0.4 After
7 1 0.0 Before
8 1 0.2 Before
9 1 0.4 Before
10 1 0.0 After
11 I 0.2 After
12 I 0.4 After
13 1 0.0 0
’•'sweet potato added before or after fermentation
In Phase I of the study, three independent variables were manipulated: 1) fat 
percentage of the milk, 2) spice concentration, and 3) timing o f addition of the sweet
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potato. Milk used to produce yogurt in Phase I contained 0 percent and 1 percent milk 
fat by volume. Commercially prepared pumpkin pie spice, a blend o f cinnamon, 
ginger, nutmeg, allspice, mace, and cloves, was used in conjunction with sweet potato 
puree to flavor the yogurt. This particular spice blend was selected for use as flavoring 
primarily because it is familiar to consumers and generally accepted. Three 
percentages o f commercially prepared pumpkin pie spice were added to canned sweet 
potato puree in Phase I. The three percentages used were: 0 percent, 0.2 percent, and
0.4 percent by weight o f the added sweet potato. These percentages represent the range 
o f concentrations o f the spice mixture used in recipes for sweet potato pie and 
pumpkin pie and are generally considered acceptable by consumers. Sweet potato 
puree was added at one o f two points in the production process, pre-fermentation and 
post-fermentation.
The dependent variables in Phase I o f  the study were: 1) consumer preference 
as measured by the Consumer Sensory Evaluation Form (CSEF) (Peryam and Pilgrim, 
1957), 2) glucose and sucrose content as measured by the YSI2700 D (YSI, Inc., 
Yellow Springs, Ohio), 3) viscosity as measured by a Brookfield Digital Viscometer 
Model DV-H+ (Brookfield Inc., Middleboro, Massachusetts) 4) starch content as 
measured by the YSI 2700D (YSI, Inc., Yellow Springs, Ohio) and 5) acidity as 
measured by a hand-held battery powered pH meter (Coming, Coming, New York) 6) 
glucose, sucrose, fructose, lactose, galactose, and maltose as measured by Water 
Model 34 high performance liquid chromatograph (HPLC) (Water Corporation, 
Milford, Maschusetts).
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MATERIALS 
Source and Preparation of Sweet Potato Puree
A mixture o f ‘Beauregard’ and ‘Hernandez’ sweet potato varieties were 
provided from the Experimental Farm, Department o f Horticulture at Louisiana State 
University. After washing and sorting the sweet potatoes, a 15 percent lye solution (15 
lbs N aO H : 100 lbs H20 ) was used for peeling in a batch lye peeler (Dixie Canning 
Co., Athens, Georgia). During this process, the sweet potatoes were placed in the lye 
solution at a temperature o f 76°C for 10 minutes. The sweet potatoes were then 
washed again to remove the peel and the caustic using a reel washer (A. EC Robbin’s 
and Co., Baltimore, Maryland).
The peeled sweet potatoes were inspected and cut into smaller pieces using a 
chopper (Hobart Co., Troy, Ohio). A small portion of the raw material was withdrawn 
for later add back. The remaining pieces were chopped in a mill (W.J. Fitzpatrick, Co., 
Chicago, Illinois) using a 4.8 mm screen and cooked for 60 minutes at 95°C. The 
cooked sweet potatoes were again chopped using a 0.8 mm screen and reheated 72°C. 
Raw add back was added at a ratio o f  1:7 to the cooked material. Product was held at 
72°C for 40 minutes after which the temperature was raised to 90°C. The sweet potato 
puree was filled into 401 x 411 metal cans and exhausted in a M2 steam exhauster 
(Dixie Canning, Athens, Georgia) for 5-7 minutes. Lids were placed on the cans and 
sealed using a Model 23 seamer (Dixie Canning, Athens, Georgia). The cans were 
placed in a model No. 3 retort (Dixie Canning, Athens, Georgia) at 121°C for 105
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minutes. The cans were then cooled by washing before placing them in the refrigerator 
at 5-7°C where they remained until used.
Milk Source
The milk for Phase I was provided by the Louisiana State University Creamery 
and was processed in a separator (DeLaval, Chicago, Illinois) to contain 0 percent and 
1 percent fat. Raw cow’s milk was separated into 0 percent fat milk and cream. The 
raw cow’s milk was tested (Richardson, 1990) and adjusted to 1 percent fat by adding 
cream using Peterson square. In this adjustment, 97 lbs o f milk (0 percent fat) plus 3 
pounds o f cream yielded 100 pounds of milk (1% fat). After adjustment, duplicate 
samples were taken and tested by the Louisiana State University Dairy Science 
Laboratory using the same procedure (Richardson, 1990) to confirm the fat percentage 
as recommended in the Dairy Processing Handbook (Byland, 1978).
The milk was then pasteurized and homogenized in an AP V homogenizer (APV 
Crepco, Inc., Tonawanda, New York). Duplicate samples were taken from both the 0% 
fat milk and the 1 percent fat milk and tested by the Louisiana State University Dairy 
Science Laboratory using standard methods to determine the total bacterial count and 
the bacterial coliform count as recommended (Richardson, 1990).
Starter Culture for Yogurt
A freeze dried Redi-set culture of selected strains o f Streptococcus 
thermophilus and Lactobacillus bulgaricus (CHR Hansen, Milwaukee, Wisconsin) was 
used as the starter culture.
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Pumpkin Pie Spice
Pumpkin pie spice is a biend o f cinnamon, ginger, nutmeg, and allspice. The 
spice mixture is frequently used in combination with sweet potato puree. Pumpkin pie 
spice is present in such sweet potato dishes as sweet potato pie and sweet potato bread. 
This particular spice blend was selected as a flavoring for use in sweet potato yogurt 
primarily because it is familiar to consumers. Commercially prepared pumpkin pie 
spice (Spice Island Specialty Brands, New York) was used to flavor the sweet potato 
yogurt mixture. Three different percentages o f  pumpkin pie spice were added to the 
sweet potato puree in Phase I. The percentages were 0.0 percent, 0.2 percent, and 0.4 
percent weight o f yogurt. Treatments 1,4, 7, 10, and 13 contained 0.0 percent spice. 
Treatments 2, 5, 8, and 11 contained 0.2 percent spice. Treatments 3, 6, 9, and 12 
contained 0.4 percent spice. The spice was added to the sweet potato puree and 
thoroughly mixed using a metal spatula prior to addition to the milk mixture. 
METHODS 
Production Procedure
Two milk buckets containing 20 kg and 18.18 kg o f 0 percent fat milk and two 
milk buckets containing 19.55 kg and 17.73 kg o f 1 percent fat milk were heated in a 
water bath to 80°C for 15 minutes. During this time, sucrose was added to 4 percent 
by weight to the 20 kg and 18.18 kg o f 0 percent fat milk and to the 19.55 and 17.73 
kg o f 1 percent milk. Four percent sugar was selected because this was found to be the 
optimal percentage of added sugar by McGregor and White (1986). At this time, non­
fat dry milk (NFDM) was added at 16 percent by weight o f milk for each formulation.
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This percentage was selected based on the recommended range 14-18 percent 
(Tamime and Robinson, 1999) and based upon the fact that gelatin was not used. The 
milk was then cooled to 43 °C. At that point, pureed sweet potato containing pumpkin 
pie spice was added at 16 percent weight o f yogurt for those formulas with sweet 
potato added before fermentation. After addition o f the sweet potato and spice, the 
starter was added at 10 ml/kg.after warming it in a warm water bath.
One kilogram o f the inoculated mixture was placed into half-gallon plastic ice 
cream containers. In addition, 500 ml of each o f the 13 duplicated samples (26 
samples total) Phase I formulations were also placed in twenty-six 600 ml Nalgene 
polypropylene Griffin beakers, low form for use in viscosity testing. The containers 
were placed in a water bath (Cole Parmer, Chicago, Illinois) at 43-45°C and the pH 
closely monitored (Coming, Coming, New York). All containers were removed from 
the water bath when the pH reached 4.6. The containers were placed in ice water and 
cooled to <15°C. At that time, samples without sweet potato and formulations with 
sweet potato added before fermentation were refrigerated at 7°C. For those 
formulations requiring the addition o f sweet potato and spice post-fermentation, the 
spiced sweet potato puree was added to the containers and gently stirred with a spoon. 
To assure homogeneity, each sample was stirred using a plastic spatula twenty times 
which resulted in a uniform color. Following addition of sweet potato and spice, these 
containers were also placed in the refrigerator at 7°C. All formulations were 
refrigerated for 24-48 hours. Two replications o f each product were produced.
41
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sensory Testing 
Consumer Demographics
The consumer demographic survey used in the study was developed to obtain 
the necessary information about participating consumers required to create a 
descriptive profile o f the participants. The questionnaire (Table 2) consisted o f nine 
items addressing age, gender, religious affiliation, ethnicity, marital status, education, 
employment, level of household income, and frequency o f dining out.
Consumers were asked to select the response under each question that best 
described them. The number o f  response items varied according to question from eight 
possible responses for question 8 (What was your approximate level o f household 
income before taxes last year?) to two possible responses for question 2 (What is your 
gender?).
To score the demographic questionnaire, each possible response for each 
question was assigned a numerical code unique to that response. Each participant’s 
responses were recorded and the frequency o f each response value for each question 
was used to develop a descriptive profile o f the participants.
Consumer Attitudes Toward Yogurt
The Consumer Attitude Toward Yogurt survey used in this study was designed 
to obtain information about participants’ attitude toward yogurt, as well as their yogurt 
consumption habits (Table 3). The questionnaire consists of five items addressing 
overall like/dislike o f yogurt, frequency o f consumption, dollar amount spent weekly 
on yogurt, most important quality attribute, and preferred flavor o f yogurt.
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Table 2. Phase I Consumer Demographic Survey________________________________
Please answer all questions. All information will not be released without your consent.
1. What is your age group? (Please check one)
Under 18 years old  18-24 years old  25-34 years old__________
35-44 years old _ 45-54 years old  55-64 years old__________
Over 64 years o ld _____
2. What is your gender? Male  Female_____
3. What is your religious denomination? (Please check one)
Catholic_____Buddhist  Protestant_____
Jewish ____ Muslim _____  Other (please specify)_____
4. Which do you consider yourself to be? (Please check one)
White ________ Black_____  Spanish/Hispanic_____
Asian_____
5. What is your marital status? (Please check one)
Single  Married_____
Separated, divorced, or widowed_____
6. Level o f education? (Please check one)
 Less than 7 years of school
 Junior high school
 Some high school
 Completed high school or equivalent
 Less than 4 years o f college
 Completed college
 Graduate or professional school (masters, Ph.D., law, medicine,
etc.)
7. Please check one which best applies to you:
 Employed full-time  Homemaker
 Employed part-time _____ Student
 Unemployed _____ Disabled
 Retired
Table continues
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8 . What was the approximate level o f your household income before taxes last 
year? (Please check one)
 Less than $ 9,999  $ 40,000 to $ 49,999
 $ 10,000 to $ 19,999  $ 50,000 to $ 59,999
 $ 20,000 to $ 29,999  $ 60,000 to $ 69,999
 $ 30,000 to $ 39,999  $ 70,000 and over
9. How frequently do you eat out? (Please check one)
 Three times a day  Twice a week
 Twice a day  Once a week
 Once a day  Less than once a week
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Table 3. Consumer attitude toward yogurt survey form
Please provide general information about yogurt products:
1. How do you like yogurt? (Please check one)
  Like extremely  Dislike extremely
 Like very much  Dislike very much
 Like moderately  Dislike moderately
  Like slightly  Dislike slightly
 Neither like or dislike
2. How often do you eat yogurt? (Please check one)
 Once a day _____ Once a week
  Three times a week  Less than once a week
  Twice a week _____ Other (please specify)___
3. How much do you normally spend for this type o f food each week? (Please 
check one)
 Less than $5
 $ 5 - 1 0
 $ 11 - 15
 More than $ 15
4. What is the most important quality attribute that you want in yogurt? (Please 
check one)
 Color (both surface and internal)
 Taste
 Aroma
 Texture/mouth feel
 Nutrition (protein and fat content)
Other (please specify)____________________________________
Which taste do you prefer most in yogurt? (Please check one)
 Plain (unflavored/no added flavorings)
 Fruit (i.e., strawberry, blueberry, peach, etc.)
 Dessert (i.e. Key Lime Pie, White Chocolate Mousse, Lemon Chiffon,
etc.)
 Vegetable (i.e., yogurt and cucumber, yogurt and onion, etc.)
 Other (please specify)_______________________________________
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Consumers were asked to select the response under each question that best 
described their attitude toward yogurt and their consumption habits. The number of 
response items varied from nine for question 1 (How do you like yogurt?) to 4 for 
question 3 (How much do you normally spend for this type o f food each week?).
To score the attitude questionnaire, each possible response for each question 
was assigned a numerical code to that response. Each participant’s responses were 
recorded and the frequency of each response value for each question was used to 
develop a descriptive profile of the participants’ attitudes toward yogurt.
Consumer Sensory Evaluation Scale
The Consumer Sensory Evaluation Scale (CSES)(Table 4) used in the study 
utilized the hedonic scale method o f to measure consumer attitudes toward various 
sensory properties o f the thirteen yogurt formulations in Phase I. The Phase I 
questionnaire consisted of six questions addressing flavor, texture/mouth feel, overall 
like, acceptability o f the product, consumer willingness to purchase the product, and 
price willing to be paid. Consumers were asked to rate how well they liked each 
sample tasted. For questions 1,2, and 3, consumers made their ratings using a 9-point 
hedonic scale (l=Dislike Extremely, 5=Neither Like or Dislike, and 9=Like 
Extremely). Questions 4 and 5 elicited dichotomous yes or no answers and question 6  
provided three possible responses (Lower price, Same price, Higher price).
To score the consumer sensory evaluation questionnaire, each consumer’s response on 
questions 1-3 were summed for that yogurt formulation and an average rating was 
calculated for each o f the three sensory properties by formula. For questions 4, 5, and
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Table 4. Phase I Consumer Sensory Evaluation Scale
1. How would you rate the “FLAVOR (TASTE AND AROMA)” of this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like Like
Extremely Veiymuch
[ ] [ ]
1 2
Moderately
[ ]
3
Slightly
[ ]
4
Nor Dislike
[ ]
5
Slightly
[ ]
6
Moderately
[ ]
7
Very Much
[ ]
8
Extremely
[ ]
9
2. How would you rate the “OVERALL TEXTURE/MOUTH FEEL” of this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like Like
Extremely Very much
[ ] [ ]
1 2
Moderately
[ ]
3
Slightly
[ ]
4
Nor Dislike
[ ]
5
Slightly
[ ] [ ] 
6
Moderately 
[ ]
7
Very Much 
[ ]
8
Extremely
9
3. OVERALL, how do you “LIKE” this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like Like
Extremely Veiymuch
[ ] [ ]
1 2
Moderately
[ ]
3
Slightly
[ ]
4
Nor Dislike
[ ]
5
Slightly
[ ]
6
Moderately
[ ]
7
Very Much
[ ]
8
Extremely
[ ]
9
4. Is this product ACCEPTABLE? Yes [ 1 No [ ]
5. Would you BUY this product if it were commercially available? Yes [ ] No [ ]
6. How much would you be willing to PAY for this product compared to similar commercial products?
Lower price [ ] Same price [ ] Higher price [ ]
6 , frequency counts were used to determine each formulation’s acceptability, 
commercial feasibility, and suggested price that consumer’s would be willing to pay. 
Data Collection Procedures
Data for Phase I o f the study consisted o f consumer preference as measured by 
the Consumer Sensory Evaluation Form (CSES), pH measured during the production 
process as measured by Coming pH-30 hand-held, battery operated pH meter (Coming, 
Coming, New York), viscosity after production as measured by a viscometer 
(Brookfield Inc., Middleboro, Masschusetts), and sugar content (glucose, sucrose, 
fructose, lactose, maltose, and galactose) as measured separately by the Y SI2700 D 
(YSI Inc., Yellow Springs, Ohio) and Waters 34 HPLC (Water Corp., Milford, 
Massachusetts).
Acidity
All pH data were collected during the yogurt production process using 
a Coming pH-30 (Coming, Inc., Coming, NY) hand-held battery operated pH meter. 
Measurements of pH were taken during the production process after 1 hour, 2 hours, 
and every 30 minutes thereafter for a total o f 8  hours or until a pH o f 4.6 was reached. 
Consumer Sensory Evaluation - Hedonic Panel
Samples to be evaluated by consumers were held in a refrigerator before 
presented for evaluation. The samples were placed in numbered plastic cups of 
approximately 74 ml capacity which were then placed on styrofoam trays along with 
unsalted crackers for consumers to eat between samples. Cups of water were provided
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for each consumer at his/her sampling table to be used between each sample. Members 
o f the consumer panel were randomly selected as participation was voluntary. The 
sensory evaluation was conducted in the Food Science Department o f Louisiana State 
University over an eight-hour period.
Each consumer evaluated three different formulations twice. Consumers were 
assigned combinations o f formulations for testing according to the incomplete block 
Plan 11.21 in which treatment =  13, number o f samples =  3, reps for each sample = 6 , 
and number of panelists = 26 (Cochran and Cox, 1985). An incomplete block design 
was used to enable analyses to be conducted using a small number o f panelists. 
Consumers were instructed to taste each sample and complete the associated sensory 
evaluation form. They were instructed to each small bites of unsalted crackers and to 
drink water between samplings. After evaluating their first three samples, consumers 
waited five minutes before evaluating the second set of three samples (blind 
replication).
Expert Panel
Based on the sensory evaluation data obtained from consumers in Phase I, six 
treatments were selected for evaluation by an expert panel. The treatments selected for 
evaluation were: treatment 2  ( 0  percent fat, 0 . 2  percent spice, sweet potato added 
before fermentation), treatment 3 (0 percent fat, 0.4 percent spice, sweet potato added 
before fermentation, treatment 8  ( 1  percent fat, 0 . 2  percent spice, sweet potato added 
before fermentation, treatment 9, (1 percent fat, 0.4 percent spice, sweet potato added 
before fermentation, and treatment 13, the control, ( 1  percent fat, 0  percent spice, and
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no added sweet potato). One kilogram o f each treatment was produced. Production 
procedures were identical to those used in Phase I o f the project.
The samples were evaluated by an expert panel comprised o f four faculty 
members o f the Department o f Food Science, Louisiana State University. Panel 
members tasted all samples and quantities were not limited. Unsalted crackers and 
cups o f water were provided for panel members to eat and drink between samples. 
Viscosity
The digital Viscometer Model DV-ITt- (Brookfield, Inc., Middleboro, MA) 
using spindle RV6  at a speed o f 5 RPM was used to measure the viscosity o f the yogurt 
at a temperature o f 6.5°C as centipoise for each o f the 13 duplications (26 samples 
total) Phase I formulations contained in 600 ml Nalgene polypropylene Griffin 
beakers, low form. During this procedure, the spindle o f the viscometer was placed 
gently in the middle o f the beaker. The thermometer was placed at the side of the 
beaker. When the temperature, as indicated by the thermometer reached 6.5°C, the 
viscometer took ten consecutive readings of each sample.
Carbohydrate Analyses
The sucrose, glucose, fructose, lactose, galactose, and maltose content in each 
o f the 13 duplicated formulations (26 samples total) was measured. A ninety gram 
sample was taken from each o f the thirteen formulations and placed in plastic cups 
with lids. The samples were then frozen in a freezer (So-Low Environmental 
Equipment Co., Cincinnati, Ohio) at -37°C until the end of Phase H o f the study.
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YSI 2700D Sugar Analyses. YSI 2700D Biochemistry Analyzer (Yellow 
Springs, Ohio) was used to analyze the sucrose, glucose, and lactose content o f the 
Phase I samples. The samples were thawed and one gram was taken from each o f the 
thirteen duplicated samples (26 samples total). Each o f the 1 gram samples was then 
diluted to 10 ml by adding distilled water and mixing. The samples were left for 20 
minutes at room temperature and 25 pi of each sample was aspirated into the YSI 
2700D equipped with the appropriate membrane, buffer solution, and calibration 
solution as indicated in the YSI 2700D User’s Manual (YSI, 1998). Values were 
adjusted after reading by multiplying by 10. The membranes, buffer solutions, and 
calibration solutions are listed in Table 5.
Table 5. Membranes, Buffer Solutions, and Calibrator Solutions Used in the Analysis
o f Glucose and Sucrose using YSI 2700D Biohchemistrv Analyzer
Carbohvdrate Membrane Buffer Calibrator
Glucose YSI 2365 
(Dextrose membrane)
YSI 2357 YSI 2776 
(2.50 g/L dextrose)
Sucrose YSI 2703 
(Sucrose membrane)
YSI 2357 YSI 2780 
(5.00 g/L sucrose)
Lactose YSI 2702 
(Galactose Oxidase membrane!
YSI 2705 YSI 2783 
15.00 g/L Lactose!
High Performance Liquid Chromatography (HPLC) Sugar Analyses. In 
addition, the sucrose, glucose, fructose, lactose, maltose, and galactose content o f the 
samples was also measured using HPLC analysis. Each of the thirteen frozen duplicate 
samples was cut in half and one-half was retained in the freezer for future use. Five 
grams o f yogurt was weighed and placed into a beaker. Five grams o f distilled water
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was added by weight No adjustment o f pH was required as the pH o f the samples was 
less than 4.6. The mixture was centrifuged at 10000 g (12 revolutions/minute X 1000) 
for approximately 10 minutes and 8  grams o f supernatant was retained. The 
supernatant was heated to 95°C for 30 minutes and then cooled. The cooled sample 
was centrifuged again at 1 0 0 0 0  g for approximately 1 0  minutes and the supernatant 
retained. At this point, the supernatant samples were frozen for the next step in 
preparation.
An Amersham Pharmacia PD-10 column (Wikstroms, Sweden) was used to 
filter the supernatant prior to running the samples through the HPLC. The column was 
prepared using the following steps. First, the filtration column was rinsed with 25 ml o f 
buffer which was comprised o f distilled H20  adjusted to a pH of 4.6 using 0. IM  HCL. 
When rinsing the column, buffer was added at 5 ml increments. Next, 2.5 ml of sample 
was loaded onto the column and was allowed to drain. The column was rinsed using 3.5 
ml o f  buffer. The resulting fraction contained the protein and high molecular weight 
molecules which was discarded. The column was then loaded with 5 ml of buffer and 
allowed to drain by gravity. The resulting supernatant contained the sugars and was 
collected. The supernatant was placed into serum vials and run on a Waters HPLC 
(Waters Corporation, Milford, MA) utilizing a Waters 410 Differential Refractometer 
and a Waters 501 Pump. The autosampler used was a Dynatech Model LC241 
(Precision Sampling Corp., Baton Rouge, LA) fitted with a 20 pi sample loop. The 
mobile phase was acetonitrile and HzO (85:15) at a flow rate of 1 ml/minute. Standard 
solution content was: fructose, 0.15 percent; glucose, 0.30 percent; galactose, 0.30
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percent; sucrose, 1.60 percent; maltose, 0.150 percent, and lactose, 0.30 percent (Figure 
1). Millenium 32 Chromatography Manager 3.2 software was used for calculation 
(Waters Corporation, Milford, MA). Values obtained were multiplied by 4 to reflect the 
appropriate concentration prior to statistical analyses.
Analysis of Starch Content. The starch content o f each of the thirteen Phase I 
formulations was measured using the YSI 2700D Biochemistry Analyzer (Yellow 
Springs, Ohio). Starch content was measured using procedures described in the YSI 
2700 D User’s Manual (YSL, 1998). First, a buffer solution was prepared using the 
following dilution: 40 g/L NaH2P 0 4, 10 g/L NaaHPO., in reagent water. Following 
preparation of the diluent, 2 mg amyloglucosidase (Sigma Chemicals, St. Louis, 
Missouri) per mL of buffer solution was added. The solution was allowed to set for 20 
minutes at room temperature to allow the enzyme powder to dissolve. One gram 
samples were taken from each o f the 13 duplicated treatments (26 total samples). Each 
of the 1 gram samples was adjusted to 1 0  ml by adding the previously prepared enzyme 
solution (40 g/L NaH2P 0 4 + 1 0  g/L Na2HP0 4 solution + 2 mg/mL amyloglucosidase) at 
room temperature. Samples were incubated for 20 minutes at room temperature to 
allow released dextrose to reach mutarotational equilibrium before proceeding with the 
analysis. The samples were then injected into the YSI 2700D using a YSI 2365 dextrose 
membrane (YSI, Inc., Yellow Springs, Ohio), a YSI 2357 buffer (YSI, Inc., Yellow 
Springs, Ohio), and a YSI 2776 (2.50 g/L dextrose) calibrator (YSI, Inc.,
Yellow Springs, Ohio). After measuring total dextrose, the starch content was 
calculated using the following formula: (Total Dextrose - Free Dextrose) x 0.9. This 
value was adjusted by multiplying x  1 0  for concentration adjustment.
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Figure 1. High Performance Liquid Chromatograph Standard for Glucose, Sucrose, 
Fructose, Lactose, Galactose, and Maltose.
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Data Analyses Procedures
Following data collection, statistical analysis using SAS (SAS, 2000) was used 
to determine which o f the thirteen formulations was most preferred by consumers 
based on responses to the sensory evaluations.
The following data analyses were used in this study: 1) Summary descriptive 
statistics for each dependent variable, 2) Frequency procedures for all dependent 
variables, as well as participant demographic data, and 3) one-way analysis o f  variance 
with Tukey post-hoc tests.
RESULTS AND DISCUSSION 
Participant Characteristics
Descriptive statistical results for the total participants in Phase I o f  the study 
can be found in Table 6 . The table presents a profile o f the age, gender, marital status, 
ethnicity, religious affiliation, educational level, employment status, income level, and 
dining out frequency o f  the participants (n=52).
Fifty-two people participated in Phase I o f the study. Twenty-one o f the 
participants were in the 18-24 age group, followed by 15 participants in the 25-34 age 
group, 7 participants in the 45-54 age group, and 4 participants each in the 35-44 and 
55-64 age groups.
O f the 52 participants, there were more female participants (29) than male 
(23). More participants were single (29) than married (21). Three o f the participants 
were separated, divorced, or widowed. Catholicism was the dominant religious 
denomination reported (25 participants), followed by Protestant (10 participants),
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Table 6. Demographic Profile of Phase I Participants fn=521
Characteristic Frequency Percentage
Age
Under 18 0 0 . 0
18-24 2 1 41.2
25-34 15 29.4
35-44 4 7.8
45-54 7 13.7
55-64 0 0 . 0
Over 64 0 0 . 0
Gender
Female 29 56.9
Male 23 43.1
Marital Status
Married 29 56.9
Single 2 1 41.2
Divorced, Widowed, Separated 3 1.9
Ethnicity
Caucasian 33 64.7
African American 4 7.8
Spanish/Hispanic 3 5.9
Asian 9 17.6
Other 0 0
Religion
Catholic 25 49.0
Protestant 1 0 19.6
Jewish 0 0 . 0
Muslim 5 9.8
Buddhist 1 2 . 0
Other 0 0 . 0
Level of Education
Less than 7 years of school 0 0 . 0
Junior high school 0 0 . 0
Some high school 0 0 . 0
Completed high school or equivalent ■*>3 5.9
Less than 4 years o f college 25 49.0
Completed college 6 7.8
Graduate or professional school 0 0 . 0
Table continues
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Characteristic Frequency Percentage
Employment
Employed full-time 15 29.4
Employed part-time 7 13.7
Unemployed 1 2 . 0
Retired 0 0 . 0
Homemaker 0 0 . 0
Student 28 57.0
Disabled 0 0 . 0
Income Level
Less than $9,999 9 19.6
$10,000 to $19,999 1 1 23.9
$20,000 to $29,999 9 19.6
$30,000 to $39,999 3 6.5
$40,000 to $49,999 3 6.5
$50,000 to $59,999 4 8.7
$60,000 to $69,999 0 0 . 0
$70,000 and over 0 0 . 0
Dining Out Frequency
Three times a day 1 2 . 0
Twice a day 3 5.9
Once a day 6 1 1 . 8
Twice a week 24 47.1
Once a week 13 25.5
Less than once a week 0 0 . 0
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Muslim (5 participants), and Buddhism (1 participant). Twelve participants did not 
report their religious denomination.
With respect to ethnicity, thirty-three participants reported their ethnicity as 
Caucasian. Four participants were African-American, three were Hispanic/Spanish, and 
nine were Asian. Educational level varied among the participants. Twenty-five 
participants reported less than four years o f college, 7 had completed college, 3 had 
completed high school or the equivalent, and 17 did not report their educational level.
A majority of participants (29) did not report their employment status. Of those 
who reported their employment status, 15 were employed full-time, 7 were employed 
part-time, and 1 was unemployed. Only 39 participants reported their annual household 
income. O f those responding, 11 earned $10,000 to 19,949, while 9 earned less than 
$9,999 and nine earned from $20,000 to 29,999. Additionally, 4 reported earnings of 
$50,000 to 59,999 and two groups of 3 reported earnings o f $30,000 to 39,999 and 
$40,000 to 49,999 respectively.
Forty-seven participants reported their frequency o f  dining out with only 5 
participants failing to respond. Twenty-four participants reported dining out twice a 
week. Thirteen reported dining out once a week. One participant reported dining out 
three times per day.
Consumer Attitudes Toward Yogurt
Table 7 presents a profile o f Phase I participants’ attitudes toward yogurt and 
yogurt products as well as their buying habits. Among the fifty-two participants in 
Phase I, nineteen reported liking yogurt very much and fourteen reported liking yogurt 
moderately. Twenty-one participants reported consuming yogurt less than once a week
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Consumer Sensory Evaluation Scale (CSES)
Descriptive statistical results for the total sample can be found in Table A.1 
in Appendix A. Total sample means ranged from a low o f 5.01 for CSES item 3 
(Overall, how do you like the product?) To a high o f 5.67 for CSES item 2 (How 
would you rate the texture/mouth feel o f the product?). Item means by treatment 
ranged from a low o f 4.17 for CSES item 1 (How would you rate the flavor o f this 
product?) for treatment 2 to a high o f 6 . 8 8  for CSES item 2 (How would you rate the 
texture/mouth feel o f the product?) for treatment 13 (the control). The second highest 
mean value was 6.67 for CSES item 2 (How would you rate the texture/mouth feel of 
the product?) for Treatment 8 .
Each participant in Phase I evaluated three yogurt treatments in duplicate using 
the CSES. Frequencies were calculated for all consumer responses by treatment. Table 
8  reports one-way analysis o f variance results, mean values, and standard deviations, 
for each o f the thirteen treatments for CSES items: flavor, overall texture, and overall 
like.
Treatment 13, the control (1 percent fat, 0 percent spice, no sweet potato) had 
the highest mean values for all three organoleptic qualities evaluated (flavor, texture, 
overall like). For treatments containing spice and sweet potato, treatments 3 (0 percent 
fat, 0.4 percent spice, sweet potato added before fermentation), treatment 8(1 percent 
fat, 0.2 percent spice, sweet potato added before fermentation) and treatment 9(1 
percent fat, 0.4 percent spice, sweet potato added before fermentation) had the highest
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Table 7. Response Profile o f Phase I Participants Attitudes Toward Yogurt fn=521
Characteristic_____________________________ Frequency_________ Percentage
Attitude toward yogurt
Like extremely 6  2.9
Like very much 19 37.3
Like moderately 14 27.5
Like slightly 4 7.8
Neither like or dislike 0 0.0
Dislike extremely 4 7.8
Dislike very much 0 0.0
Dislike moderately 3 13.7
Dislike slightly 1 2.0
Consumption habits
Once a day 4 7.8
Three times a week 6  11.8
Twice a week 2 3.9
Once a week 8  15.7
Less than once a week 21 41.2
Other 10 19.6
Amount spent weekly
Less than $5 42 82.4
$5 -$10 8  15.7
$10-$15 0 0.0
More than $15 1 1.9
Most important quality
Color (surface and internal)
Taste
Aroma
Texture/mouth feel
Nutrition
Other
Preferred flavor in yogurt
Plain 4 8 . 0
Fruit 42 84.0
Dessert 4 8 . 0
Vegetable 0 0 . 0
Other 0 0 . 0
60
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Table 8 . Means o f Panel Responses for Yogurt Treatments (9-point hedonic scale, 
l=Dislike Extremely. 5=Neither Like or Dislike, and 9=Like Extremely")________
Treatment Flavor Texture Overall Like
1 (0% fat, 0% spice, SP before) 4.5ab 5.42ab 4.58ab
2 (0% fat, 0.2% spice, SP before) 4.17b 5.79ab 4.33b
3 (0% fat, 0.4% spice, SP before) 5.58ab 6.29ab 5.42“b
4 (0% fat, 0% spice, SP after 5.50ab 4.92b 5.08“”
5 (0% fat, 0.2% spice, SP after) 5.25* 5.17* 5.08“b
6  (0 % fat, 0.4% spice, SP after) 4.42b 4.96b 4.50ab
7 (1% fat, 0% spice, SP before) 4.71 4.83b 4 5 4  ab
8  (1% fat, 0.2% spice, SP before) 5.04ab 6.67ab 5.21*
9(1% fat, 0.4% spice, SP before) 4.96ab 6.46ab 5.21“b
10 (1% fat, 0% spice, SP after) 5.04ab 5.96ab 5.25*
11 (1% fat, 0.2% spice, SP after) 5.21* 5.29“b 5.08*
12 (1% fat, 0.4% spice, SP after) 4.50ab 5.04ab 4.46b
13(1% fat, 0% spice, no SP) 6.38“ 6 .8 8 “ 6.42“
Means within column not followed by the same letter differ significantly (p<.05)
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mean values for the sensory category, overall liking. In evaluations o f flavor, 
consumers preferred treatment 3 (0 percent fat, 0.4 percent spice, sweet potato added 
after fermentation). For texture, consumers indicated a preference for treatments 8(1 
percent fat, 0.2 percent spice, sweet potato added before fermentation), treatment 9(1  
percent fat, 0.4 percent spice, sweet potato added before fermentation), and treatment 3 
(0 percent fat, 0.4 percent spice, sweet potato added before fermentation).
Findings differed from those o f Collins et al. (1991) in that the most preferred 
sample (5 percent sugar, 16 percent sweet potato), not including the control, placed 
between the neither like nor dislike and like slightly categories with respect to overall 
liking. Unlike the finding o f Collins et al. (1991), consumers did express a preference 
with respect to texture. This was treatment 8  containing 1 percent fat, 0.2 percent spice, 
and sweet potato added before fermentation which placed between like slightly and like 
moderately. Consumer reaction to the addition o f  spice appeared mixed with most 
treatments placed between neither like nor dislike and dislike slightly. 
pH During Fermentation
Measurements o f pH were taken during the production process after I hour, 2 
hours, and every 30 minutes thereafter for a total o f 8  hours or until pH 4.6 was 
reached.
Figures 2 and 3 illustrate the change in pH during fermentation by fat 
percentage, spice percentage, and addition o f sweet potato pre-fermentation and post­
fermentation. Treatments with 0 percent fat and sweet potato added after fermentation 
showed no difference in the change in pH across spice concentrations. Desired pH was
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achieved after six hours o f fermentation. Treatments with 0 percent fat and sweet 
potato added before fermentation showed a possible effect resulting from spice and 
sweet potato. In those treatments with 0.2 percent and 0.4 percent spice, the pH 
dropped more slowly than treatments with 0.0 percent spice. Treatments with 0.0 
percent spice exhibited changes in pH similar to that o f the control (0% spice, no sweet 
potato). The effect was more pronounced in treatments containing 0.4 percent spice.
Findings are consistent with Collins et al. (1991) who reported a  slower decline 
in pH and extended fermentation time for treatments containing higher percentages o f 
sweet potato. Phase I treatments in which sweet potato was added before fermentation 
exhibited a similar pattern o f slow decline in pH and longer fermentation to achieve 
desired pH. Sweet potato added before fermentation served to inhibit bacterial growth 
and the conversion of sugar into acids. The sweet potato may have increased total 
solids content, due to the addition o f the sweet potato pre-fermentation and post­
fermentation in this project. Further research is needed to confirm or reject this 
explanation. In general, consumers preferred the texture o f treatments in which sweet 
potato was added before fermentation.
The presence o f pumpkin pie spice may explain the pronounced effect in 
treatments containing 0.4 percent spice. Research by Beuchat and Golden (1989) 
found that the cinnamic aldehyde, as found in cinnamon, had one o f the most wide 
spectra o f antimicrobial effectiveness. In addition, Connor and Beuchat (1984) 
reported that clove, pimento, cinnamon, thyme, garlic, and onion were particularly 
inhibitory for some food spoilage microorganisms. Research (Aureli et al., 1992)
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Figure 2. pH Level During Fermentation for Treatments 1 ,2 ,3 ,4 ,5 ,6 , (0% fat, 0.0% spice, 0,2% spice, 0.4% spice, sweet potato
before and after fermentation) and Treatment 13(1% fat, 0.0% spice, no sweet potato).
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Figure 3. pH Level During Fermentation for Treatments 7, 8, 9, 10, 11, 12, (1% fat, 0.0% spice, 0.2% spice, 0.4% spice, sweet
potato before and after fermentation) and Treatment 13(1% fat, 0.0% spice, no sweet potato).
studied the antimicrobial activity of thirty-two plant essential oils against four strains 
o f Listeria monocytogenes. Findings indicated that cinnamon inhibited growth of 
Listeria and the effect was most pronounced in the first two hours. The pumpkin pie 
spice, a blend of cinnamon and other spices, may have inhibited growth o f the 
Streptococcus thermophilus and Lactobacillus bulgaricus resulting in the observed 
slow reduction in pH and the extended fermentation time.
Viscosity
Descriptive statistical results for viscosity for the total sample by fat content, 
spice content, and addition o f sweet potato pre- or post-fermentation can be found in 
Table A.3 in Appendix A. Mean viscosity for the total sample by fat content, spice 
content, and addition of sweet potato pre- or post fermentation ranged from a low of 
62786.80 cp for treatments in which sweet potato was added after fermentation to a 
high o f 100962.67 cp for treatments in which sweet potato was added before 
fermentation.
Figure 4 illustrates mean viscosity for all Phase I treatments. Mean viscosity by 
specific treatment (Table 9) ranged from a low o f48880.00 cp for treatment 6  (0 
percent fat, 0.4 percent spice, sweet potato added after fermentation) to a high of 
139,730.00 cp for treatment 1 (0 percent fat, 0.0 percent spice, sweet potato added 
before fermentation).
To determine the effect o f the spiced-sweet potato puree on the incubation and 
fermentation process as measured by viscosity a one-way ANOVA was conducted 
using fat percentage, spice percentage and addition of spiced sweet potato puree pre-
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Figure 4. Mean Viscosity for Phase I Treatments 1 ,2 ,3 ,4 ,5 ,6 , (0% fat, 0.0%, 0.2%, 0.4% spice, and sweet potato added before
and after fermentation) and Treatments 7, 8 ,9 ,10 ,11 ,12  ((0% fat, 0.0%, 0.2%, 0.4% spice, and sweet potato added before and
after fermentation), 13(1% fat, 0.0% spice, and no sweet potato).
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Table 9. Descriptive Statistics for Viscosity bv Treatment
Mean fcpsl Standard Deviation fops')
Treatment
(% fat, % spice, SP before/after)
1 (0%, 0.0%, SP before) 139730.00 37982.99
2 (0%, 0.2%, SP before) 84260.00 5462.25
3 (0%, 0.4%, SP before) 90990.00 896695
4 (0%, 0.0%, SP after) 52570.00 11301.66
5 (0%, 0.2%, SP after) 56040.00 4556.61
6  (0%, 0.4%, SP after) 48880.00 5490.43
7 (1%, 0.0%, SP before) 82989.00 17946.53
8  (1%, 0.0%, SP before) 80917.00 26574.44
9 (1%, 0.0%, SP before) 12890.00 18271.00
10 (1%, 0.0%, SP before) 80800.00 11176.56
11 (1%, 0.0%, SP before) 67904.00 15503.94
12 (1%, 0.0%, SP before) 76160.00 15582.12
13 ( 1 %, 0.0%, 0 SP) 87320.00 5609.92
Table 10. ANOVA Analysis o f Viscosity by Fat Percentage, Spice Percentage, and 
Addition o f Spiced Sweet Potato Puree Pre-/Post Fermentation_________________
F Value_________________Probability
Fat 0.44 
Spice 1.29 
Addition o f Sweet Potato Puree 20.70 
Fat x Spice 3.20 
Fat x Sweet Potato 3.30 
Spice x Sweet Potato 1.02 
Fat x Spice x Sweet Potato 2.61
0.52
0.32
0 .0 0 1 *
0.08
0 . 1 0
0.40
0 . 1 2
*p<.05
Table 11. ANOVA Descriotive Statistics and Post Hoc Test Results
Viscosity x Fat x Spice X Sweet Potato Mean
Fat
0 . 0  percent 80809“
1 . 0  percent 86411“
Spice
0 . 0  percent 90197“
0 . 2  percent 85730“
0.4 percent 74600“
Sweet Potato
Before fermentation 100963“
After fermentation 62787b
Means not followed by the same letter differ significantly (p<.05)
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and post-fermentation as factors. Post hoc mean comparisons were performed using 
using the Tukey procedure. Table 10 reports the results of post hoc comparisons. 
There were significant differences in the means between treatments in which spiced 
sweet sweet potato puree was added post-fermentation. The treatments in which 
spiced sweet potato puree was added pre-fermentation showed a higher viscosity 
regardless o f fat percentage and spice percentage than treatments in which the spiced 
sweet potato was added post-fermentation. Treatment 13 (control, 0 percent spice, no 
sweet potato)
exhibited higher viscosity than all other treatments except for Treatment 1 (0 percent 
spice, sweet potato added before fermentation) and Treatment 11 (0.2% spice, sweet 
potato added after fermentation).
Changes in viscosity observed in treatments in which addition o f sweet potato 
occurred pre-fermentation and post-fermentation may have several explanations. First, 
addition o f sweet potato pre-fermentation decreased moisture and increased solids 
non-fat (Collins et al., 1991) resulting in yogurt exhibiting higher viscosity. Sweet 
potato added after fermentation was not able to affect the moisture content and impact 
viscosity. Also, addition o f sweet potato post-fermentation involved stirring which 
disrupted the coagulum thus affecting the viscosity as evidenced by lower measures. 
Disruption o f the coagulum has an especially detrimental effect on viscosity especially 
in the first twenty-four hours following fermentation (Staff, 1989; Tamime and 
Robinson, 1999).
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Glucose and Sucrose Measured by the YSI2700D  
Glucose
Sample glucose measurement values the YSI 2700D Biochemistry Analyzer can 
be found in Table A.3 in Appendix A. The mean glucose for all samples (n=26) was 
0.29 percent.
Mean glucose the total sample by fat content, spice content, and addition of 
sweet potato pre- or post-fermentation can be found in Table A.4 o f Appendix A. Mean 
values for glucose ranged from a low of 0.06 percent for treatment 13, the control, 
followed by 0.13 percent for treatments in which sweet potato was added before 
fermentation to a high o f  0.48 percent for treatments in which the sweet potato was 
added after fermentation.
Figure 5 illustrates the percent glucose in each o f the thirteen Phase I 
treatments. Mean glucose by treatment (Table 12) ranged from a low of 0.10 percent 
for treatment 8 ( 1  percent fat, 0 . 2  percent spice, sweet potato added before 
fermentation) to a high o f 0.80 percent for treatment 5 (0 percent fat, 0.2 percent spice, 
sweet potato added after fermentation).
To determine the effect o f the spiced-sweet potato puree on the incubation and 
fermentation process as measured by glucose a one-way ANOVA was conducted using 
fat percentage, spice percentage and addition o f spiced sweet potato puree pre- and 
post-fermentation as factors. Post hoc mean comparisons were performed using the 
Tukey. Table 13 reports the one-way ANOVA results. The one-way ANOVA was 
significant for fat percentage, spice percentage, as well as, fat percentage and addition 
o f spiced sweet potato puree pre- and post fermentation. Follow-up comparisons of
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Figure 5. Glucose Content of Phase I Treatments 1 ,2 ,3 ,4 , 5,6, (0% fat, 0.0%, 0.2%, 0.4% spice, sweet potato added before and
after fermentation) and Treatments 7, 8 ,9 ,10 ,11 ,12  (1% fat, 0.0%, 0.2%, 0.4% spice, sweet potato added before and after
fermentation) and 13 (1% fat, 0.0% spice, no sweet potato) as Measured by YSI 2700D Biochemistry Analyzer.
Table 12. Descriptive Statistics for Glucose bv Treatment
___________________________________ Mean (%)_______ Standard Deviation
Treatment
(% fat, % spice, SP before/after)
1 (0%, 0.0%, SP before) .14 0.01
2 (0%, 0.2%, SP before) .14 0.002
3 (0%, 0.4%, SP before) .19 0.005
4 (0%, 0.0%, SP after) .74 0.03
5 (0%, 0.2%, SP after) .80 0.03
6 (0%, 0.4%, SP after) .76 0.01
7 (1%, 0.0%, SP before) .12 0.01
8 (1%, 0.2%, SP before) .10 0.06
9 (1%, 0.4%, SP before) .14 0.03
10 (1%, 0.0%, SP after) .17 0.01
11 (1%, 0.2%, SP after) .20 0.01
12 (1%, 0.4%, SP after) .21 0.01
13 (1%, 0.0%, no SP) .06 —
Table 13. ANOVA Analysis o f Glucose by Fat Percentage, Spice Percentage, and 
Addition o f Spiced Sweet Potato Puree Pre-/Post Fermentation________________
F-value Probability
Fat 937.96 <.0001*
Spice 3.98 0.04*
Addition of Sweet Potato Puree 1187.68 <.0001*
Fat x Spice 0.43 0.66
Fat x Sweet Potato 722.19 <.0001*
Fat x Soice x Sweet Potato 2.07 0.15
*p<.05
Table 14. Effect of Fat. Spice, and Sweet Potato on Glucose as Measured After
Fermentation bv the YSI 2700D Mean (%)
Fat
0 percent 0.46“
1 percent 0.14b
Spice
0.0 percent 0.25°
0.2 percent 0.31abc
0.4 percent 0.33bc
Sweet Potato
Before fermentation 0.14°
After fermentation 0.48b
Means not followed by the same letter differ significantly (p<.05)
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means were conducted to evaluate the differences among the means using the Tukey 
procedure. Table 14 reports the results o f  post hoc comparisons between treatments.
Treatments with 0 percent fat had higher glucose levels post-fermentation than 
did those treatments containing 1 percent fat. In addition, treatments with 0.4 percent 
spice had higher levels o f glucose than did those containing 0.0 percent spice and 0.2 
percent spice. Treatments containing 0 percent fat with sweet potato added post­
fermentation exhibited higher glucose levels than did treatments with 1 percent fat and 
sweet potato added pre-fermentation.
Several factors may contribute to the observed differences. Tamime and Deeth 
(1980) report that the presence or absence o f fat can influence the rate o f acid 
production in the starter organisms. The presence o f fat serves to stimulate the starter 
organism. Treatments containing 0 percent fat, therefore, would lack the fat required 
to stimulate the starter organism which could result in a higher level of post­
fermentation glucose due to a slowing down of acid production by the starter 
organisms. This can be seen by comparing treatments 4, 5, 6 (0 percent fat) to 
treatments 10, 11, 12(1 percent fat). Even when the glucose was added after 
fermentation, it was rapidly utilized when the yogurt contained fat, but not when fat 
was absent.
The reported antimicrobial properties of certain spices contained in the 
pumpkin pie spice added to the sweet potato puree may contribute to the presence of 
higher glucose levels in treatments containing 0.4 percent spice. Research (Aureli et 
al., 1992; Beuchat and Golden,1989; Connor and Beuchat, 1984) suggests that
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cinnamic aldehyde, as found in cinnamon, exhibits wide spectra o f antimicrobial 
effectiveness which may negatively impact the starter organisms. Findings with regard 
to addition o f sweet potato pre- and post fermentation were as expected. Higher levels 
of glucose in treatments in which sweet potato is added post fermentation most likely 
occur because the carbohydrates available in the sweet potato puree are not present for 
digestion by the starter organisms. Also, the reduced glucose in samples with sweet 
potato added pre-fermentation indicates that glucose from the sweet potato was 
utilized by the fermentation organisms.
Sucrose
Descriptive statistical results for sucrose the total sample (n=26) as measured 
by the YSI 2700D Biochemistry Analyzer(YSI, Inc., Yellow Springs, Ohio) can be 
found in Table A.5 in Appendix A. Mean sucrose for all samples was 3.36 with a 
standard deviation o f 1.08.
Mean sucrose for the total sample by fat content, spice content, and addition of 
sweet potato pre- or post-fermentation can be found in Table B.6 o f Appendix B. 
Sucrose means ranged from a low o f 2.60 for the control, treatment 13, closely 
followed by 2.68 for treatments containing 0 percent fat, to a high o f 4.15 percent for 
treatments in which fat was 1 percent.
Figures 6 illustrates percent sucrose in each o f the thirteen Phase I treatments. 
Mean sucrose by treatment (Table 15) ranged from a  low o f 2.81 for treatment 10 (1 
percent fat, 0 percent spice, sweet potato added after fermentation) to a high of 5.5 for 
treatment 6 (0 percent fat, 0.4 percent spice, sweet potato added after fermentation).
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To determine the effect of the spiced-sweet potato puree on the incubation and 
fermentation process as measured by percentage o f  sucrose present post-fermentation, 
a  one-way ANOVA was conducted using fat percentage, spice percentage and addition 
o f spiced sweet potato puree pre- and post-fermentation as factors. Tukey post hoc 
mean comparisons were performed. Table 16 reports the ANOVA results. The 
ANOVA was significant for fat percentage, addition o f spiced sweet potato puree 
pre/post fermentation, fat percentage x spice, fat percentage x spice percentage x 
addition o f sweet potato pre/post fermentation, and fat percentage x spice percentage 
x addition o f sweet potato puree pre/post-fermentation. Follow-up comparisons o f 
means were conducted to evaluate the differences among the means using the Tukey 
procedure. Table 17 reports the results o f post hoc comparisons.
Treatments containing 0 percent fat had higher levels of sucrose post- 
fermentation than did treatments containing 1 percent fat, including treatment 13(1% 
fat, 0.0 percent spice, no sweet potato). While mean sucrose values for treatments 
containing 0.0 percent, 0.2 percent, and 0.4 percent spice did vary, those variations 
were not statistically significant in post hoc analysis. Addition of sweet potato 
pre/post-fermentation did have significant effect on post-fermentation sucrose levels.
Treatments with sweet potato added post-fermentation exhibited higher sucrose 
levels than did treatments with sweet potato added pre-fermentation. In addition, 
treatments with sweet potato added post-fermentation exhibited higher sucrose levels 
than the control, treatment 13 (1% fat, 0.0 percent spice, no sweet potato).
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Treatment
Figure 6. Sucrose Content of Phase I Treatments 1 ,2 ,3 ,4 ,5 ,6 , (0% fat, 0.0%, 0.2%, 0.4% spice, sweet potato added before and
after fermentation) and Treatments 7, 8 ,9 ,10 ,11 ,12  (1% fat, 0.0%, 0.2%, 0.4% spice, sweet potato added before and after
fermentation) and 13 (1% fat, 0.0% spice, no sweet potato) as Measured by YSI 2700D Biochemistry Analyzer,
Table 15. Summary o f Descriptive Statistics for Sucrose bv Treatment
_____________________________________ Mean (%)_________Standard Deviation
Treatment
(% fat, % spice, SP before/after)
1 (0%, 0.0%, SP before) 3.36 0.78
2 (0%, 0.2%, SP before) 3.04 0.52
3 (0%, 0.4%, SP before) 3.51 0.70
4 (0%, 0.0%, SP after) 4.02 0.57
5 (0%, 0.2%, SP after) 5.46 0.21
6 (0%, 0.4%, SP after) 5.52 0.30
7 (1%, 0.0%, SP before) 3.21 0.49
8 (1%, 0.2%, SP before) 2.20 0.34
9 (1%, 0.4%, SP before) 2.17 0.30
10 (1%, 0.0%, SP after) 2.81 0.08
11(1%, 0.2%, SP after) 3.10 0.04
12 (1%, 0.4%, SP after) 2.69 0.30
13 (1%, 0.0%, no SP) 2.60 0.21
Table 16. ANOVA Analysis o f Sucrose by Fat Percentage, Spice Percentage, and 
Addition o f Spiced Sweet Potato Puree Pre-/Post Fermentation_______________
F P
Fat 87.68 <0001*
Spice 0.23 0.80
Addition of Sweet Potato Puree 42.57 <0001*
Fat x Spice 6.87 0.01*
Fat x Sweet Potato 18.83 0.001*
Fat x SDice x Sweet Potato 4.53 0.01*
*p< 05
Table 17. Effect of F at Spice, and Sweet Potato on Glucose as Measured After
Fermentation bv the YSI 2700D Mean (%)
Fat
0 percent 4.15°
1 percent 2.68b
Spice
0 percent 3.19“
.2 percent 3.45“
.4 percent 3.47“
Sweet Potato
Before fermentation 2.91“
After fermentation 3.93b
Means not followed by the same letter differ significantly (p<.05)
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The explanation for the findings with regard to sucrose is basically the same as 
that for glucose. Three primary factors working independently and together may result 
in the observed differences. Tamime and Deeth (1980) reported that the presence or 
absence of fat can influence the rate o f acid production in the starter organisms. The 
presence of fat serves to stimulate the starter organism. Treatments containing 0 
percent fat, therefore, would lack the fat required to stimulate the starter organism 
which could result in a  higher level o f post-fermentation sucrose due to a slowing 
down o f acid production by the starter organisms. The reported antimicrobial 
properties o f certain spices contained in the pumpkin pie spice added to the sweet 
potato puree may contribute to the presence of higher sucrose levels in treatments 
containing 0.4% spice. Research (Aureli et al., 1992; Beuchat and Golden, 1989; 
Connor and Beuchat, 1984) suggests that cinnamic aldehyde, as found in cinnamon, 
exhibits wide spectra o f antimicrobial effectiveness which may negatively impact the 
starter organisms. Findings with regard to addition o f sweet potato pre- and post 
fermentation were as expected. Higher levels o f sucrose in treatments in which sweet 
potato is added post fermentation most likely occur because the carbohydrates 
available in the sweet potato puree are not present for digestion by the starter 
organisms.
Lactose
Lactose was not measured using the YSI 2700 D Biochemistry analyzer 
because the membrane was unable to distinguish between lactose and galactose 
resulting in the reporting o f grossly inflated values.
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Glucose, Sucrose, Fructose, Lactose, Galactose, and Maltose Measured by HPLC
Due to the problem experienced with lactose and galactose measurement using 
the YSI 2700D Biochemistry Analyzer, sugars were additionally evaluated using high 
performance liquid chromatography. Descriptive statistical results for sucrose, glucose, 
fructose, lactose, galactose, and maltose in the total sample (n=26) by treatment for 
glucose, sucrose, fructose, lactose, galactose, and maltose can also be found in Table 
18. In addition, high performance liquid chromatographs for the statistically significant 
fructose treatments 3 ,4 , and 7 can be found in Appendix C. All mean values for glucose 
and sucrose, as measured by HPLC, differed from glucose and sucrose values, as 
measured by the YSI 2700D Biochemistry Analyzer (YSI, Inc., Yellow Springs, Ohio). 
Mean values for glucose and sucrose reported by HPLC analyses were generally higher 
and exhibited less variance between treatments than those reported by the YSI 2700D. 
HPLC did not report glucose and fructose values for treatments 1,7, 10, and 13. In 
addition, no maltose measures were reported for treatments 7, and 13. Treatment 13 
contained no added sweet potato, therefore a result indicating no maltose was expected.
To determine the effect o f the spiced-sweet potato puree on the incubation and 
fermentation process as measured by percentage o f glucose, sucrose, fructose, lactose, 
galactose, and maltose present post-fermentation, a one-way ANOVA was conducted 
using treatment as the factor. Tukey post hoc mean comparisons were performed. Table 
19 reports the ANOVA results. The ANOVA was significant for treatment. Follow-up 
comparisons of means were conducted to evaluate the differences among the means 
using the Tukey procedure. Table 20 reports the results o f post hoc comparisons.
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Table 18. Means for Glucose, Sucrose, Fructose, Lactose, Galactose, and Maltose by
Treatment as Measured bv HPLC____________________________________
Sugar/Treatment (% fa t % spice. SP before/after)_____________ Mean (%)
Glucose
1 (0%, 0.0%, SP before) 0.17
2 (0%, 0.2%, SP before) 0.53
3 (0%, 0.4%, SP before) 0.58
4 (0%, 0.0%, SP after) 0.66
5 (0%, 0.2%, SP after) 0.81
6 (0%, 0.4%, SP after) 0.40
7 (1%, 0.0%, SP before) 0.11
8 (1%, 0.2%, SP before) 0.55
9 (1%, 0.4%, SP before) 0.38
10 (1%, 0.0%, SP after) —
11 (1%, 0.2%, SP after) —
12 (1%, 0.4%, SP after) 0.23
13 (1%, 0.0%, no SP) —
Sucrose
1 (0%, 0.0%, SP before) 3.03
2 (0%, 0.2%, SP before) 2.74
3 (0%, 0.4%, SP before) 2.29
4 (0%, 0.0%, SP after) 2.62
5 (0%, 0.2%, SP after) 2.24
6 (0%, 0.4%, SP after) 1.55
7 (1%, 0.0%, SP before) 1.34
8 (1%, 0.2%, SP before) 2.17
9 (1%, 0.4%, SP before) 2.14
10 (1%, 0.0%, SP after) 3.22
11 (1%, 0.2%, SP after) 2.43
12 (1%, 0.4%, SP after) 2.71
13 (1%, 0.0%, no SP) 2.86
Fructose
1 (0%, 0.0%, SP before) —
2 (0%, 0.2%, SP before) 0.30
3 (0%, 0.4%, SP before) 0.44
4 (0%, 0.0%, SP after) 0.11
5 (0%, 0.2%, SP after) 0.25
6 (0%, 0.4%, SP after) 0.17
7 (1%, 0.0%, SP before) 0.09
Table continues
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Sugar/Treatment (% fa t % spice. SP before/after)_____________ Mean (%)_____
Fructose
8 (1%, 0.2%, SP before) 0.25
9 (1%, 0.4%, SP before) 0.27
10 (1%, 0.0%, SP after) —
11 (1%, 0.2%, SP after) 0.25
12 (1%, 0.4%, SP after) 0.36
13 (1%, 0.0%, no SP) —
Lactose
1 (0%, 0.0%, SP before) 6.88
2 (0%, 0.2%, SP before) 6.02
3 (0%, 0.4%, SP before) 5.95
4 (0%, 0.0%, SP after) 4.24
5 (0%, 0.2%, SP after) 3.71
6 (0%, 0.4%, SP after) 3.83
7 (1%, 0.0%, SP before) 3.49
8 (1%, 0.2%, SP before) 5.41
9 (1%, 0.4%, SP before) 7.85
10 (1%, 0.0%, SP after) 8.01
11 (1%, 0.2%, SP after) 6.72
12 (1%, 0.4%, SP after) 8.56
13 (1%, 0.0%, no SP) 8.62
Galactose
1 (0%, 0.0%, SP before) 1.66
2 (0%, 0.2%, SP before) 1.79
3 (0%, 0.4%, SP before) 1.85
4 (0%, 0.0%, SP after) 1.53
5 (0%, 0.2%, SP after) 1.41
6 (0%, 0.4%, SP after) 1.04
7 (1%, 0.0%, SP before) 0.73
8 (1%, 0.2%, SP before) 1.39
9 (1%, 0.4%, SP before) 1.70
10 (1%, 0.0%, SP after) 2.15
11 (1%, 0.2%, SP after) 1.52
12 (1%, 0.4%, SP after) 2.17
13 (1%, 0.0%, no SP) 1.46
Maltose
1 (0%, 0.0%, SP before) 0.45
2 (0%, 0.2%, SP before) 0.54
Table continues
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Sugar/Treatment (% fa t % spice. SP before/after) Mean (%)
Maltose
3 (0%, 0.4%, SP before) 0.45
4 (0%, 0.0%, SP after) 0.56
5 (0%, 0.2%, SP after) 0.39
6 (0%, 0.4%, SP after) 0.30
7 (1%, 0.0%, SP before) 0.28
8 (1%, 0.2%, SP before) 0.40
9 (1%, 0.4%, SP before) 0.62
10 (1%, 0.0%, SP after) 0.63
11 (1%, 0.2%, SP after) 0.49
12 (1%, 0.4%, SP after) 0.81
13 (1%, 0.0%, no SP) 0.00
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Post hoc comparisons for glucose, sucrose, lactose, galactose, and maltose were 
not significant. Fructose exhibited a significant post-hoc comparison. Treatment 3 (0 
percent fat, 0.4 percent spice, sweet potato added before fermentation) differed 
significantly from treatment 4 (0 percent fat, 0 percent spice, sweet potato added 
before fermentation) and treatment 7(1 percent fat, 0 percent spice, sweet potato 
added after fermentation). The mean value for treatment 3 was significantly higher 
than mean values for treatments 4 and 7. With 0 percent fat and 0.4 percent spice, 
fermentation was significantly reduced in treatment 3 resulting in less fructose 
utilization.
Results were not as expected and were inconsistent with the effects o f  spice 
percentage and addition of sweet potato pre-fermentation and post-fermentation noted 
in pH during processing, viscosity, and glucose and sucrose as measured by the YSI 
2700D Biochemistry Analyzer (YSI, Inc., Yellow Springs, Ohio). In addition, results 
were inconsistent when compared to the findings o f Ebah (1987). Ebah reported 
differences in all sugars analyzed with the exception o f maltose. Significant 
differences in glucose, sucrose, fructose, lactose, galactose, and maltose were expected 
across treatments, especially for treatments containing higher percentages o f spice and 
with sweet potato added after fermentation. Results suggest that the HPLC is a more 
sensitive analytical instrument than the YSI 2700D. This would explain the difference 
between glucose and sucrose values as measured by the YSI 2700D Biochemistry 
Analyzer (YSI, Inc., Yellow Springs, OH) and the HPLC. The significance o f the post 
hoc comparisons for fructose are also questionable as fructose was not detected for
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Table 19. ANOVA of Treatment on Glucose, Sucrose, Fructose, Lactose, Galactose, 
and Maltose as Measured bv HPLC_________________________________________
F-value Probability
Treatment 4.27 0.02*
{X.05
Table 20. Effect o f Treatment on Fructose as Measured bv HPLC
Treatment (% fa t % spice. SP before/after') Mean (%)
I (0%, 0.0%, SP before) —
2 (0%, 0.2%, SP before) 0.30ab
3 (0%, 0.4%, SP before) 0.44“
4 (0%, 0.0%, SP after) 0.11b
5 (0%, 0.2%, SP after) 0.25ab
6 (0%, 0.4%, SP after) 0.17ab
7 (1%, 0.0%, SP before) 0.09b
8 (1%, 0.2%, SP before) 0.25*
9 (1%, 0.4%, SP before) 0.27nb
10 (1%, 0.0%, SP after) —
11(1%, 0.2%, SP after) o ^ s 1*
12 (1%, 0.4%, SP after) 0.36"b
13 (1%, 0.0%, no SP) --------
Means not followed by the same letter differ significantly (p<.05)
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treatments 1 ,7 ,10 , and 13 and could be the reason for the significant statistical 
finding. Further research into the comparison o f  measures o f glucose and sucrose 
between the two analytical methods is needed to clarify the accuracy o f their use with 
dairy products.
Starch Content
Descriptive statistical results for starch in the total sample (n=26) can be 
found in Table A.7 in Appendix A. Mean starch for all samples was 0.63 percent. 
Mean starch for the total sample by fat content, spice content, and addition o f sweet 
potato pre- or post-fermentation can be found in Table A.7 of Appendix A. Starch 
means ranged from a low of 0.57 percent for treatments containing 0.0 percent spice, 
to a high of 0.68 percent for treatments in which fat was 0 percent.
Figure 7 illustrates percent starch in each o f  the thirteen Phase I 
treatments.Mean starch by treatment (Table 21) ranged from a low of 0.09 for 
treatment 13(1 percent fat, 0 percent spice, no sweet potato) to a high o f 0.94 for 
treatment 5 (0 percent fat, 0.2 percent spice, sweet potato added after fermentation).
To determine the effect o f the spiced-sweet potato puree on the incubation and 
fermentation process as measured by percentage o f  starch present post-fermentation, a 
one-way ANOVA was conducted using fat percentage, spice percentage and addition 
of spiced sweet potato puree pre- and post-fermentation as factors. Tukey post hoc 
mean comparisons were performed. Table 22 reports the ANOVA results. The 
ANOVA was significant for addition o f spiced sweet potato puree pre/post 
fermentation. Follow-up comparisons o f means were conducted to evaluate the
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Table 21. Summary o f Descriptive Statistics for Starch bv Treatment
____________________________________ Mean f%l_________Standard Deviation
Treatment
(% fat, % spice, SP before/after)
1 (0%, 0.0%, SP before) 0.72 0.04
2 (0%, 0.2%, SP before) 0.52 0.01
3 (0%, 0.4%, SP before) 0.60 0.13
4 (0%, 0.0%, SP after) 0.56 0.17
5 (0%, 0.2%, SP after) 0.94 0.21
6 (0%, 0.4%, SP after) 0.72 0.05
7 (1%, 0.0%, SP before) 0.71 0.01
8 (1%, 0.2%, SP before) 0.49 0.17
9 (1%, 0.4%, SP before) 0.58 0.38
10 (1%, 0.0%, SP after) 0.80 0.01
11 (1%, 0.2%, SP after) 0.73 0.08
12 (1%, 0.4%, SP after) 0.73 0.08
13 (1%, 0.0%, no SP) 0.09 —
Table 22. ANOVA Analysis o f  Starch by Fat Percentage, Spice Percentage, and 
Addition of Spiced Sweet Potato Puree Pre-/Post Fermentation______________
F-value Probability
Fat 0.01 0.92
Spice 0.15 0.86
Addition of Sweet Potato Puree 5.37 0.04*
Fat x Spice 1.23 0.33
Fat x Sweet Potato 0.05 0.82
Fat x Soice x Sweet Potato 1.92 0.17
*p<.05
Table 23. Effect of Fat. Spice, and Sweet Potato on Starch as Measured After
Fermentation bv the YSI 2700D Mean (%)
Fat
0 percent 0.68"
1 percent 0.59b
Spice
0 percent 0.57"
0.2 percent 0.67"
0.4 percent 0.65"
Sweet Potato
Before fermentation 0.60"
After fermentation 0.74b
Means not followed by the same letter differ significantly (p<.05)
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Treatm ent
Figure 7. Starch Content of Phase I Treatments 1 ,2 ,3 ,4 ,5 ,6 , (0% fat, 0.0%, 0.2%, 0,4% spice, sweet potato added before and
after fermentation) and Treatments 7, 8 ,9 ,10 ,11 ,12  (1% fat, 0.0%, 0.2%, 0.4% spice, sweet potato added before and after
fermentation) and 13(1% fat, 0.0% spice, no sweet potato) as Measured by YSI 2700D Biochemistry Analyzer.
differences among the means using the Tukey procedure. Table 23 reports the results 
o f post hoc comparisons between the treatments.
Treatments in which the spiced sweet potato puree was added after 
fermentation showed a higher post-fermentation starch content than treatments in which 
the sweet potato puree was added pre-fermentation.
Results were as expected. Starch comprises between 60-70 percent o f the dry 
matter in sweet potato (Woolfe, 1992). Those treatments containing added sweet 
potato exhibited higher levels o f starch than did treatment 13 which contained no added 
sweet potato. However, lower starch levels in treatments in which sweet potato 
was added before fermentation rather than after cannot be readily explained by the 
fermentation process as dairy lactic bacteria are not known to hydrolyze starch. Further 
research is needed to explore possible reasons for this finding.
CONCLUSION
The percentage o f spice present in the treatment appeared to have an effect on 
pH during fermentation. Treatments containing higher percentages of spice exhibited 
a slower drop in pH during the fermentation process. The effect was more pronounced 
treatments containing 0.4 percent spice.
Addition of sweet potato pre-fermentation and post-fermentation impacted 
consumer acceptance, viscosity, and glucose and sucrose content post-fermentation as 
measured by the YSI 2700D Biochemistry Analyzer. Consumers appeared to prefer 
treatments with higher percentages of spice content in which sweet potato was added 
pre-fermentation. This treatment produces higher pH because of the impact o f spice 
and sweet potato on fermentation.
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In addition, treatments in which sweet potato was added pre-fermentation 
exhibited higher viscosity regardless o f fat percentage and spice percentage and were 
rated higher by consumers in evaluation o f texture. Addition o f sweet potato pre- 
fermentation and post-fermentation impacted glucose and sucrose content of the yogurt 
as measured by the YSI 2700D. Treatments in which sweet potato was added post­
fermentation contained higher levels o f glucose and sucrose than did treatments in 
which sweet potato was added pre-fermentation as measured by the YSI 2700D. 
However, the higher sweetness was not selected by panelists.
Measures o f glucose, sucrose, fructose, lactose, galactose, and maltose by 
HPLC were not as expected and were not consistent with other results obtained in 
Phase I o f the study. Spice percentage and addition o f sweet potato pre-fermentation 
and post-fermentation exhibited effects on pH during fermentation, viscosity, and 
glucose and sucrose content as measured by the YSI 2700D Biochemistry Analyzer. 
Measures o f glucose, sucrose, fructose, lactose, galactose, and maltose by HPLC did 
not exhibit similar results. No significant differences were noted except for fructose. 
The findings may be the result o f problems related to the sensitivity o f the analytical 
instrument. The next chapter will study the effect o f storage and sugar content on 
consumer acceptance, pH, titratable acidity, viscosity, dry matter content, and 
carbohydrates.
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CHAPTER 3
PHASE H - THE EFFECT OF STORAGE AND SUGAR 
CONTENT ON CONSUMER ACCEPTANCE, PH, VISCOSITY, 
TITRATABLE ACIDITY, DRY MATTER, AND 
CARBOHYDRATE CONTENT IN SPICED LOW-FAT 
SWEET POTATO FLAVORED YOGURT
INTRODUCTION
Phase II o f the study was designed to determine the effect o f storage periods of 
7, 14, and 21 days on consumer preference, the acidity, the viscosity, the total dry 
matter content, as well as, the sugar and starch content, in low-fat spiced sweet potato 
flavored yogurt. For sensory analysis, there were 144 panelists. For each of 9 
treatments, there were 64 data points collected. The 9 treatments are listed in Table 24.
Table 24. Phase II Yogurt Treatments fn=91
Treatment Number % Suear Storaee Period
1 4 21days
2 5 21 days
3 6 21 days
4 4 14 days
5 5 14 days
6 6 14 days
7 4 7 days
8 5 7 days
9 6 7 days
*sweet potato added before fermentation
In addition, Phase H o f the study examined the correlation between glucose and 
sucrose measurements obtained by analysis using the YSI2700D Biochemistry 
Analyzer and the same measurements obtained using HPLC analysis. An incomplete 
block experimental design was used and two independent variables were manipulated:
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sugar content o f the yogurt and storage period. Sugar concentrations o f 4 percent, 5 
percent, and 6 percent were used in the yogurt formulations prepared in Phase II of the 
study. Yogurt prepared in Phase H o f the study was stored for periods of 7 days, 14 
days, and 21 days prior to consumer evaluation.
MATERIALS
Source and Preparation of Sweet Potato Puree
The sweet potato puree used in Phase II of the study was pulled from the stored 
canned sweet potato puree produced prior to the beginning of Phase I of the study and 
refrigerated at 7°C until needed.
Milk Source
The milk for Phase H was a 1 percent low fat milk produced locally by 
Kleinpeter Farms Dairy (Kleinpeter Dairy, Baton Rouge, Louisiana) and obtained from 
a local supermarket.
Starter Culture for Yogurt
A freeze dried Redi-set culture of selected strains of Streptococcus 
thermophilus and Lactobacillus bulgaricus (CHR Hansen, Milwaukee, Wisconsin, 
USA) was used as the starter culture.
Pumpkin Pie Spice
As in Phase I, commercially prepared pumpkin pie spice manufactured (Spice 
Island Specialty Brands, New York) was used to flavor the sweet potato yogurt 
mixture.
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METHODS 
Production Procedure
The production process in Phase II was basically the same as that in Phase I 
with four primary differences. First, the sugar concentration varied in each o f the three 
formulations (4 percent, 5 percent, 6 percent sugar by weight o f yogurt). Second, the 
spice concentration in Phase II was changed to 0.1 percent o f milk weight with the 
spice being placed in the milk 24 hours prior to processing and the milk filtered prior 
to processing. Third, in all treatments, sweet potato was added before processing. 
Fourth, yogurt for Phase H was produced on each o f three consecutive days (Tuesday, 
Wednesday, Thursday) over the course o f three weeks to provide the product required 
for the storage component.
Twenty-four hours prior to processing, 0.4 grams o f pumpkin pie spice was 
placed into 4 kilograms o f milk, mixed, and refrigerated. The milk was heated in a 
water bath to 80°C for 15 minutes. The milk was removed from the water bath and 
filtered using a 0.1 mm hand-held metal filter and placed into three half-gallon plastic 
ice cream containers in amounts as follows: 620 grams, 610 grams, and 600 grams of 
milk. Sucrose was added separately in amounts o f  40 grams sucrose in 620 grams 
milk, 50 grams sucrose into 610 grams milk, and 60 grams sucrose into 600 grams 
milk, to each of the half gallon ice cream containers. To each ice cream bucket, 160 
grams sweet potato puree and 160 grams NFDM was added. In addition, 600 ml o f 
spiced milk was also placed in nine 600 ml Nalgene polypropylene Griffin beakers, 
low form for use in viscosity testing. Sucrose was added separately to the beakers in
92
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
amounts o f 24 grams in three beakers (4 percent added sugar), 30 grams in three 
beakers (5 percent added sugar), and 36 grams in three beakers (6 percent added 
sugar). To each o f the nine beakers, 81 grams o f sweet potato puree and 81 grams o f 
NFDM was added. The mixtures were then cooled to 43°C. and the starter was added 
at 10 ml/lkg.after warming it in a warm water bath.
The containers were placed in a water bath (Cole Parmer, Chicago, Illinois) at 
43-45°C and the pH closely monitored (Coming, Coming, New York). The half-gallon 
plastic ice cream containers were removed from the water bath when the pH reached 
4.6. The containers were placed in ice water and cooled to <15°C. and were 
refrigerated at 7°C for 7, 14, and 21 days prior to testing. All samples were then 
evaluated by the consumer panel at the same time over a three day period.
Consumer Demographic Survey
The consumer demographic questionnaire used in the study (Table 25) was 
developed to obtain the necessary information about participating consumers required 
to create a descriptive profile of the participants. The questionnaire consisted o f nine 
items addressing age, gender, religious affiliation, ethnicity, marital status, education, 
employment, level o f household income, and frequency of dining out. The instrument 
used in Phase II was modified slightly to include an additional choice for ethnicity 
(other).
Consumers were asked to select the response under each question that best 
described them. The number of response items varied according to question from a 
high o f eight possible responses for question 8 (What was your approximate household
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Table 25. Phase H Demographic Survey
Please answer all questions. All information will not be released without your consent.
1. What is your age group? (Please check one)
Under 18 years old  18-24 years old  25-34 years old____
35-44 years old _____  45-54 years old  55-64 years oId_
Over 64 years o ld _____
2. What is your gender?_______ Male_____  Female_____
3. What is your religious denomination? (Please check one) 
Catholic Buddhist  Protestant
Jewish  Muslim _____  Other (please specify).
4. Which do you consider yourself to be? (Please check one)
White  Black  Spanish/Hispanic.
Asian  Other (please specify)__________
5. What is your marital status? (Please check one)
Single  Married_____
Separated, divorced, or widowed_____
6. Level o f education? (Please check one)
 Less than 7 years o f school
 Junior high school
 Some high school
 Completed high school or equivalent
 Less than 4 years of college
 Completed college
 Graduate or professional school (masters, Ph.D., law, medicine,
etc.)
7. Please check one which best applies to you:
 Employed full-time  Homemaker
 Employed part-time _____ Student
 Unemployed _____ Disabled
 Retired
Table continues
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8. What was the approximate level of your household income before taxes last
year? (Please check one)
 Less than $ 9,999  $ 40,000 to $ 49,999
 $ 10,000 to $ 19,999  $ 50,000 to $ 59,999
 $ 20,000 to $ 29,999  $ 60,000 to $ 69,999
 $ 30,000 to $ 39,999  $ 70,000 and over
9. How frequently do you eat out? (Please check one)
 Three times a day  Twice a week
 Twice a day  Once a week
 Once a day  Less than once a week
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income before taxes last year?) to a low of two possible responses for question 2 (What 
is your gender?).
To score the demographic questionnaire, each possible response for each 
question was assigned a numerical code unique to that response. Each participant’s 
responses were recorded and the frequency o f each response value for each question 
was used to develop a descriptive profile of the participants.
Consumer Attitudes Toward Yogurt
The Consumer Attitudes Toward Yogurt (Table 26) survey used in this study 
was designed to obtain information about participants’ attitude toward yogurt, as well 
as their yogurt consumption habits. The questionnaire consists of five items addressing 
overall like/dislike o f yogurt, frequency o f consumption, dollar amount spent weekly 
on yogurt, most important quality attribute, and preferred flavor o f yogurt. The 
questionnaire was modified slightly for use in Phase II through the addition o f another 
taste preference, spice, in question 8 (Which taste do you prefer most in yogurt?).
Consumers were asked to select the response under each question that best 
described their attitude toward yogurt and their consumption habits. The number o f 
response items varied according to question from a high o f nine for question 1 (How 
do you like yogurt?) To a low of 4 for question 3 (How much do you normally spend 
for this type o f food each week?).
To score the attitude questionnaire, each possible response for each question 
was assigned a numerical code unique to that response. Each participant’s responses
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Table 26. Consumer Attitude Toward Yogurt Phase II Survey Form
Please provide general information about yogurt products:
1. How do you like yogurt? (Please check one)
 Like extremely  Dislike extremely
 Like very much  Dislike very much
 Like moderately  Dislike moderately
 Like slightly  Dislike slightly
 Neither like or dislike
2. How often do you eat yogurt? (Please check one)
  Once a day ______Once a week
 Three times a week  Less than once a week
  Twice a week ______Other (please specify)____________
3. How much do you normally spend for this type o f food each week? (Please
check one)
 Less than $5
 $ 5 - 1 0
 $ 11 - 15
 More than $ 15
4. What is the most important quality attribute that you want in yogurt? (Please 
check one)
 Color (both surface and internal)
 Taste
 Aroma
 Texture/mouth feel
 Nutrition (protein and fat content)
Other (please specify)____________________________________
5. Which taste do you prefer most in yogurt? (Please check one)
 Plain (unflavored/no added flavorings)
 Fruit (i.e., strawberry, blueberry, peach, etc.)
 Dessert (i.e. Key Lime Pie, White Chocolate Mousse, Lemon Chiffon,
etc.)
 Vegetable (i.e., yogurt and cucumber, yogurt and onion, etc.)
 Spice (i.e., yogurt and cinnamon, ginger, cloves etc.)
 Other (please specify)_______________________________________
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were recorded and the frequency o f each response value for each question was used to 
develop a descriptive profile o f the participants’ attitudes toward yogurt.
Consumer Sensory Evaluation Form
The Consumer Sensory Evaluation Form (CSES)(Table 27) used in the study 
utilized a 9 point hedonic scale method o f measuring food preferences (l=Dislike 
Extremely, 5=Neither Like or Dislike, and 9=Like Extremely) (Peryam and Pilgrim, 
1957). The questionnaire was developed to measure consumer attitudes toward 
various organoleptic properties o f the three yogurt formulations and three storage 
periods in Phase n. and was modified slightly for use in Phase II by adding two 
additional sensory attributes for consumer evaluation. The Phase II questionnaire 
consisted o f eight items addressing appearance, color, flavor, overall texture/mouth 
feel, and overall like, acceptability, willingness to purchase, and price.
Consumers were asked to rate how well they liked each sample tasted. For 
questions 1,2, 3 ,4  consumers made their ratings using a 9-point hedonic scale 
(l=Dislike Extremely, 5=Neither Like nor Dislike, and 9=Like Extremely). Questions 
5 and 6  elicited yes or no answers and question 7 provided three possible responses 
(Lower price, Same price, Higher price).
To score the consumer sensory evaluation questionnaire, each consumer’s 
response on questions 1-4 were summed for that yogurt formulation and an average 
rating was calculated for each of the three organoleptic properties by formula. For 
questions 5-7, frequency counts were used to determine each formulation’s 
acceptability, commercial feasibility, and suggested price.
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Table 27. Phase II Consumer Sensory Evaluation Scale
Please evaluate this product and check the space that best reflects your feeling about the product. 
1. How would you rate the “APPEARANCE” of this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like
Extremely Very much Moderately Slightly Nor Dislike Slightly Moderately Very Much
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
1 2 3 4 5 6 7 8
2. How would you rate the “COLOR” of this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like
Extremely Very much Moderately Slightly Nor Dislike Slightly Moderately Very Much
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [
1 2 3 4 5 6 7 8
3. How would you rate the “FLAVOR (TASTE AND AROMA)” of this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like
Extremely Very much Moderately Slightly Nor Dislike Slightly Moderately Very Much
[ ] [ ] [ ] [ ] [ 1 [ 1 [ ] I ]
1 2 3 4 5 6 7 8
Like
Extremely
9
Like
Extremely
9
Like
Extremely
[ ]
9
Table Continues
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o
4. How would you rate the “OVERALL TEXTURE/MOUTH FEEL” of this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like Like
Extremely Very much Moderately Slightly Nor Dislike Slightly Moderately Very Much Extremely
i  ]  [  i  i  j  1 1  i  j  1 1  1 1  1 1  [  ]
1 2  3 4 5 6 7  8 9
5. OVERALL, how do you “LIKE” this product?
Dislike Dislike Dislike Dislike Neither Like Like Like Like Like
Extremely Very much Moderately Slightly Nor Dislike Slightly Moderately Very Much Extremely
[ ] [ ] t ] [ ] [ ] [ ] [ ] [ ] [ ]
1 2  3 4 5 6 7  8 9
6. Is this product ACCEPTABLE? Yes [ ] N o[ ]
(Go to Question 8) (Skip Question 8)
7. Would you BUY this product if it were commercially available? Yes [ ] No [ ]
8. How much would you be willing to PAY for this product compared to similar commercial products?
Lower price [ ] Same price [ ] Higher price [ ]
Data Collection Procedures
Data for Phase EE o f the study consisted o f consumer preference as measured by 
the Consumer Sensory Evaluation Form (CSES), pH as measured during the 
production process as measured by a Coming pH-30 (Coming, Coming, New York) 
hand-held, battery operated pH meter, titratable acidity measured by a Automatic 
Acidity Tester (Kimam-Nafis, Japan) which measures titratable acidity as percentage 
o f lactic acid, viscosity after production as measured by a viscometer (Brookfield Inc., 
Middleboro, Massachusetts), starch content as measured by the YSI2700D 
Biochemistry Analyzer (YSI, Inc., Yellow Springs, Ohio), dry matter content as 
measured using an oven drying procedure (Iso-temp Oven, Chicago, Illinois), and 
sugar content (sucrose, glucose, fructose, lactose, galactose, and maltose) as measured 
separately by the YSI 2700 D and high performance liquid chromatography (HPLC). 
Acidity
All pH data were collected during the yogurt production process using a hand­
held battery operated pH meter (Coming, Coming, New York). Measurements o f pH 
were taken during the production process after 1 hour, 2 hours, and every 30 minutes 
thereafter for a total of 8  hours or until a pH of 4.6 was reached. Measurements o f pH 
were also taken after storage periods o f 7, 14, and 21 days.
In addition, titratable acidity was determined after storage periods of 7, 14, and 
21 days by titrating against 0. IN  sodium hydroxide (NaOH). Duplicate 9 gram samples 
o f each treatment for each storage period were mixed with 9 ml o f  distilled water and 3 
drops o f phenolpthalein after which 0.1N NaOH was added until a color change
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occurred in the sample (Richardson, 1990). Duplicate measures were then taken using 
an automatic acidity tester (Kimam-Nafis, Japan).
Consumer Sensory Evaluation
Samples to be evaluated by consumers were held in a refrigerator at 7°C for 7, 
14, and 21 days before being presented to consumers for evaluation. Participants were 
assigned treatments according to Plan 11.11 in which treatment = 9, number of 
samples = 4, reps for each sample = 8 , and number o f panelists = 18 (Cochran and 
Cox, 1985). The samples were placed in numbered plastic cups o f approximately 74 
ml capacity with lids which were then placed on styrofoam trays along with unsalted 
crackers for consumers to eat between samples. Cups o f water were provided for each 
consumer at his/her sampling table to be used by the consumer in-between the 
sampling o f each treatment. Consumers were also provided with numbered Consumer 
Sensory Evaluation Forms corresponding to each sample cup on the consumer’s tray.
Members o f the consumer panel were randomly selected as participation was 
voluntary. The sensory evaluation was conducted in the Dairy Store and Factory at 
Louisiana State University over a three-day period for eight hours each day.
Each consumer evaluated four different formulations. Consumers were 
assigned combinations o f formulations for testing according to the incomplete block 
design used in the research design. Consumers were instructed to eat each sample and 
complete the associated sensory evaluation form. They were instructed to each small 
bites o f unsalted crackers and to drink water between samplings.
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Viscosity
Each o f the three Phase II formulations for each o f the three storage periods, 
prepared as previously described, were placed in nine 600 ml Nalgene polypropylene 
Griffin beakers, low form. A Digital Viscometer Model DV-II+ (Brookfield, Inc., 
Middleboro, MA) using spindle RV6  at a speed of 6  RPM was used to measure the 
viscosity of the yogurt at a temperature o f 6.5°C. During this procedure, the spindle of 
the viscometer was placed gently in the middle o f the beaker. The thermometer was 
placed at the side o f the beaker. When the temperature, as indicated by the thermometer 
reached 6.5°C, the meter took ten consecutive readings.
Drv Matter Content
Duplicate samples were taken from each formulation after storage periods o f 7, 
14, and 21 days. Ten grams o f each sample were accurately weighed on an alumninum 
boat and moved to 51°C oven (Iso-temp Ovens, Chicago, Illinois) for 24 hours. Each 
sample was weighed again and the dry matter content was calculated using the 
following formula: % dry matter content = (weight after drying - pan weight)/initial 
weight o f sample x 1 0 0 .
Carbohydrate Analysis
Sugar content in each o f the 3 formulations for each o f the 3 storage periods 
were measured. Ninety gram samples were taken from each o f the nine treatments and 
placed in plastic cups with lids. The samples were then frozen at -37°C until the 
completion of Phase n  o f the study at which time they were analyzed using both the
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YSI 2700D Biochemistry Analyzer (YSI, Inc., Yellow Springs, Ohio) and high 
performance liquid chromatography.
YSI 2700D Sugar Analyses. The YSI 2700D Biochemistry Analyzer (Yellow 
Springs, Ohio) was used to analyze the sucrose, glucose, and lactose content of the 
Phase H samples using the following process. The samples were thawed and one gram 
was taken from each of the nine duplicated samples (18 samples total). Each of the 1 
gram samples was then diluted to 10 ml by adding distilled water. The samples were 
left for 20 minutes and then injected into the YSI 2700D equipped with the appropriate 
membrane, buffer solution, and calibration solution as indicated in the YSI 2700D 
User’s Manual (YSI, 1998). The membranes, buffer solutions, and calibration 
solutions are listed in Table 28.
o f  Glucose. Sucrose and Lactose usine YSI 2700D Biohchemistrv Analvzer
Carbohydrate Membrane Buffer Calibrator
Glucose YSI 2365 YSI 2357 YSI 2776
(Dextrose membrane) (2.50 g/L dextrose)
Sucrose YSI 2703 YSI 2357 YSI 2780
(Sucrose membrane) (5.00 g/L sucrose)
Lactose YSI 2702 YSI 2705 YSI 2783
fGalactose Oxidase membrane! 15.00 g/L Lactose!
High Performance Liquid Chrom atography (HPLC) Sugar Analyses. In 
addition, the sucrose, glucose, fructose, lactose, maltose, and galactose content o f the 
Phase II samples were also measured using HPLC analysis. Each o f the nine frozen 
samples was cut in half and one-half was retained in the freezer for future use. Five
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grams of yogurt was weighed and placed into a beaker. Five grams o f distilled water 
was added by weight. No adjustment o f pH was required as the pH o f the samples was 
less than 4.6. The mixture was centrifuged at 10000 g for approximately 10 minutes 
and 8  grams of supernatant was retained. The supernatant was heated to 95°C for 30 
minutes and then cooled. The cooled sample was centrifuged again at 10000 g for 
approximately 10 minutes and the supernatant retained. At this point, the supernatant 
samples were frozen until the next step in preparation.
Samples were thawed in a water bath (Cole Parmer, Chicago, Illinois) at 40° C. 
An Amersham Pharmacia PD-10 column (Wikstroms, Sweden) was used to prepare the 
supernatant prior to running the samples through the HPLC. The column was prepared 
using the following steps. First, the filtration column was rinsed with 25 ml of buffer 
(H20  at pH 4.6) which was added at 5'ml increments. Next, 2.5 ml o f sample was 
loaded into the column and was allowed to drain. The column was rinsed using 3.5 ml 
of buffer. The resulting fraction contained the protein and high molecular weight 
molecules which was discarded. The column was then loaded with 5 ml of buffer and 
allowed to drain by gravity. The resulting supernatant contained the sugars and was 
collected. The supernatant was placed into serum vials and run on a Waters HPLC 
(Waters Corporation, Milford, MA) utilizing a Waters 410 Differential Reffactometer 
and a Waters 501 Pump. The autosampler used was a Dynatech Model LC241 
(Precision Sampling Corp., Baton Rouge, LA) fitted with a 20pl sample loop. The 
mobile phase was acetonitrile and H20  (85:15) at a flow rate of 1.0 ml/minute.
Samples were compared to a standard aqueous solution containing: fructose, 0.15
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percent; glucose, 0.30 percent; galactose, 0.30 percent; sucrose, 1.60 percent; maltose, 
0.15 percent, and lactose, 0.30 percent. Chromatograms were analyzed using Waters 
Millenium Software (Waters Corporation, Milford, Massachusetts.
Analysis of S tarch Content. The starch content o f each o f the Phase II 
formulations was measured using the YSI 2700D Biochemistry Analyzer (Yellow 
Springs, Ohio). Starch content was measured using procedures described in the YSI 
2700 D User’s Manual (YSI, 1998). First, a buffer solution was prepared using the 
following dilution: 40 g/L NaH2P 0 4, 10 g/L Na2HP0 4 in reagent water. Following 
preparation o f the diluent, 2 mg amyloglucosidase (Sigma Chemicals, St. Louis, 
Missouri) per mL o f starch solution was added. The solution was allowed to set for 20 
minutes at room temperature to allow the enzyme powder to dissolve. One gram 
samples were taken from each o f the 9 duplicated treatments (18 total samples). Each 
o f the 1 gram samples was adjusted to 1 0  ml by adding the previously prepared enzyme 
solution (40 NaH2P 0 4 + 1 0  g/L NajHPO/L solution) at room temperature.
Samples were again left for 20 minutes for the released dextrose to reach 
mutarotational equilibrium before proceeding with the analysis. The samples were then 
injected into the YSI 2700D using a YSI 2365 dextrose membrane (YSI, Inc., Yellow 
Springs, Ohio), a  YSI 2357 buffer (YSI, Inc., Yellow Springs, Ohio), and a YSI 2776 
(2.50 g/L dextrose) calibrator (YSI, Inc., Yellow Springs, Ohio). After measuring total 
dextrose, the starch content was calculated using the following formula: (Total 
Dextrose - Free Dextrose Measured Previously) x 0.9. This value was adjusted by 
multiplying x 1 0  for concentration adjustment.
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Data Analysis Procedures
Following data collection in Phase H, statistical analyses using SAS (SAS 
Version 8.0,2000) was used to determine if  statistically significant differences existed 
in the dependent variables between the three storage periods and the three sugar 
contents and the nature o f those differences in terms o f sensory data.
The following data analyses were used in Phase II o f this study: 1) Summary 
descriptive statistics for each dependent variable, and 2) MANOVA with storage and 
sugar content as factors to analyze all dependent measures followed by post hoc one­
way ANOVA and 3) Pearson correlation between methodologies for glucose and 
sucrose measures.
RESULTS AND DISCUSSION 
Participant Characteristics
Descriptive statistical results for the total participants in Phase II of the study 
can be found in Table 29. The table presents a profile o f the age, gender, marital status, 
ethnicity, religious affiliation, educational level, employment status, income level, and 
dining out frequency o f the participants (n=144). One hundred forty-four people 
participated in Phase II of the study. Eighty-four o f  the participants were in the 18-24 
age group, followed by 26 participants in the 25-34 age group, 15 participants in the 
35-44 age group, 11 participants each in the 45-54 age group, 6  in the 55-64 age group 
and 2 in the over 64 age group.
Of the 144 participants, there were more female participants (76) than male 
(6 8 ). More participants were single (94) than married (47). Three of the participants
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were separated, divorced, or widowed. Catholicism was the dominant religious 
denomination reported (55 participants), followed by Protestant (40 participants), 
Muslim (12 participants), Jewish (4 participants), and Buddhism (5 participants). 
Twenty-eight participants indicated “Other” as their religious denomination.
With respect to ethnicity, 111 participants reported their ethnicity as Caucasian. 
Six participants were African-American, 6  were Hispanic/Spanish, and 12 were Asian. 
Of the 52 participants, there were more female participants (29) than male (23). More 
participants were single (29) them married (21). Three of the participants were 
separated, divorced, or widowed. Catholicism was the dominant religious 
denomination reported (25 participants), followed by Protestant (10 participants), 
Muslim (5 participants), and Buddhism (1 participant). Twelve participants did not 
report their religious denomination.
With respect to ethnicity, thirty-three participants reported their ethnicity as 
Caucasian. Four participants were African-American, three were Hispanic/Spanish, 
and nine were Asian. Educational level varied among the participants. Ninety-two 
participants reported less than four years o f college, 2 1  had completed college, 26 had 
completed graduate or professional, 4 had completed high school or the equivalent, 
and 1 reported less than seven years of school.
All o f the participants in Phase II reported their employment status. Twenty-six 
were employed full-time, 23 were employed part-time, 1 was unemployed, 5 were 
retired, 2 were homemakers, and 85 were students. One hundred forty-two participants 
reported their annual household income. O f those responding, 44 earned less than
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Table 29. Demographic Profile o f Phase II Participants fn=1444 
Characteristic______________________________ Frequency Percentage
Age
Under 18 0 0 . 0
18-24 84 58.3
25-34 26 18.1
35-44 15 10.4
45-54 1 1 7.6
55-64 6 4.2
Over 64 2 l . l
Gender
Female 76 52.8
Male 6 8 47.2
Marital Status
Married 94 65.3
Single 47 32.6
Divorced, Widowed, Separated 3 2 . 1
Ethnicity
Caucasian 1 1 1 77.1
African American 6 4.2
Spanish/Hispanic 6 4.2
Asian 1 2 8.3
Other 2 1 .0
Religion
Catholic 55 38.5
Protestant 40 28.0
Jewish 3 2 . 1
Muslim 1 2 8.4
Buddhist 5 3.5
Other 28 17.2
Level o f Education
Less than 7 years o f school 0 0 . 0
Junior high school 0 0 . 0
Some high school 1 0.7
Completed high school or equivalent 4 2 . 8
Less than 4 years o f college 92 63.9
Completed college 2 1 14.6
Graduate or professional school 26 18.1
Table continues
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Characteristic Frequencv Percentage
Employment
Employed full-time 26 18.1
Employed part-time 23 16.0
Unemployed j 2 . 1
Retired 5 3.5
Homemaker 2 1.4
Student 85 59.0
Disabled 0 0 . 0
Income Level
Less than $9,999 44 33.1
$10,000 to $19,999 17 1 2 . 8
$20,000 to $29,999 14 10.5
$30,000 to $39,999 1 0 7.5
$40,000 to $49,999 1 1 8.3
$50,000 to $59,999 6 4.5
$60,000 to $69,999 1 1 8.3
$70,000 and over 2 0 14.0
Dining Out Frequency
Three times a day 8 5.6
Twice a day 1 0 6.9
Once a day 18 12.5
Twice a week 70 48.6
Once a week 2 0 13.9
Less than once a week 18 12.5
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$9,999, and 17 earned from $10,000 to 19,949, while 14 earned from $20,000 to 
29,999. Additionally, two groups o f 11 reported earnings of $40,000 to 49,999 and 
$60,000 to 69,999 respectively. Six reported earnings o f  $50,000 to 59,999 and 20 
reported earnings over $70,000.
With respect to frequency of dining out with 70 participants reported dining out 
twice a week. Twenty reported dining out once a week while two groups o f 18 reported 
dinging out once a day and less than once a  week respectively. Eight participants 
reported dining out three times per day and 1 0  participants reported eating out twice a 
day.
Consumer Attitudes Toward Yogurt
Table 30 presents a profile of Phase n  participants’ attitudes toward yogurt and 
yogurt products as well as their buying habits. Among the 144 participants in Phase H, 
25 reported liking yogurt extremely, 46 reported liking yogurt very much, 45 reported 
liking yogurt moderately, and 19 liked yogurt slightly. Two participants neither liked 
nor disliked yogurt. O f participants reporting a negative attitude toward yogurt, 2 
disliked yogurt slightly, 1 disliked yogurt moderately, and 2  reported an extreme 
dislike o f yogurt. Sixty-two participants reported consuming yogurt less than once a 
week and a  majority (116) spent less than five dollars per week on yogurt and 2 2  
participants reported spending between 5 and 10 dollars. One participant reported 
spending betweenl 1-15 dollars per week and 4 participants reported spending over 15 
dollars per week_followed by texture (15) and nutrition (14). Ninety participants 
reported a preference for fruit yogurt and 34 reported a preference for dessert yogurts.
I l l
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Table 30. Response Profile o f Phase I Participants Attitudes Toward Yogurt fn=144)
Characteristic_____________________________Frequency__________ Percentage
Attitude toward yogurt
Like extremely 25 17.4
Like very much 46 31.9
Like moderately 45 31.7
Like slightly 19 13.4
Neither like or dislike 2 1.4
Dislike extremely 2 1 .4
Dislike very much 0 0.0
Dislike moderately 1 0.7
Dislike slightly 2 1.4
Consumption habits
Once a day 10 7.0
Three times a week 12 8.4
Twice a week 13 9.1
Once a week 26 18.2
Less than once a week 62 43.4
Other 20 13.8
Amount spent weekly
Less than $5 116 81.1
$5 -$10 22 15.4
$10-$15 1 0.7
More than $15 4 2.8
Most important quality
Color (surface and internal) I 0.7
Taste 112 78.3
Aroma I 0.7
Texture/mouth feel 15 10.5
Nutrition 14 9.7
Other 0 0.0
Preferred flavor in yogurt
Plain 14 9.8
Fruit 90 62.9
Dessert 34 23.8
Vegetable 2 1.4
Spice 0 0.0
Other 3 2.1
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Consumer Sensory Evaluation Scale (CSES)
Descriptive statistics for each item o f the 8  item CSES instrument used in this 
study were computed for the total sample o f participants (n=144). Table B.l reports 
means and standard deviations for each o f the CSES items 1-5, as well as, the 
frequency o f  responses for items 6 - 8  for the total sample. Table B.2 reports means and 
standard deviations for each CSES item by treatment. Items 1-5 on the CSES were 
scored using a nine-point Likert scale ranging from l=dislike extremely to 9=like 
extremely. Item 4 and item 5 were dichotomous and, therefore, scored Yes=l and 
No=2. Item 6  required participants to select one o f three responses: lower, same, or 
higher.
Total sample means ranged from a low o f  4.97 for both CSES item 3 (How do 
rate the flavor o f the product?) and CSES item 5 (Overall, how do you like the 
product?). To a high of 6.03 for CSES item 2 (How would you rate the color o f the 
product?). Item means by treatment ranged from a low of 4.20 for CSES item 5 
(Overall, how do you like the product?) for treatment I (4 percent sugar, 7 day storage) 
to a high o f 6.33 for CSES item 2 (How would you rate the color of the product?) for 
treatment 6  ( 6  percent sugar).
To further evaluate the effect of the effect o f  treatment o f the five measures of 
consumer acceptance measured by the CSES (Appearance, Color, Flavor, Texture, and 
Overall Like) a one-way multivariate analysis o f variance (MANO VA) was conducted. 
Treatment served as the independent variables and the five measures of consumer 
acceptance (Appearance, Color, Flavor, Texture, and Overall Like) served as the
113
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
dependent variables. Significant differences were found among treatments on the 
dependent variables, Wilks’A=.8 8 , F(40, 576)=2.18, pc.OOOl. Results are given in 
Table 31.
Analysis o f  variance (ANOVA) were conducted on each dependent variable as 
follow-up tests to the significant MANOVA. Each ANOVA was tested at the 0.05 
level. The ANOVA on flavor, texture, and overall like were significant. Results are 
reported in Table 32.
Post hoc analyses using Tukey post hoc comparison o f means was conducted to 
determine which treatment consumers preferred. Results are reported in Table 33.
Treatment 9 ( 6  percent sugar, 7 days storage) scored highest on Flavor followed 
by treatment 6  ( 6  percent sugar, 14 days storage). Treatment 1 (4 percent sugar, 21 days 
storage) scored lowest on Flavor. On the consumer acceptance component, Texture, a 
sugar and storage effect was noted. Consumers preferred treatments with higher sugar 
and 14 days o f storage. Treatment 6  ( 6  percent sugar, 14 days storage) was ranked 
highest in Texture and treatment 7 (5 percent sugar, 7 days storage) ranked lowest.
In the category, Overall Like, consumers preferred treatments with 5 percent 
and 6  percent sugar and 14 day storage. Treatments containing 4 percent sugar were 
least liked by consumers. Treatment 6  ( 6  percent sugar, 14 days storage) was the most 
preferred treatment and placed between neither like nor dislike and like slightly 
categories on the CSES for the categories “Overall Like” and “Flavor.” The treatment 
placed between like slightly and like moderately for texture. In general, as storage 
lengthened beyond 14 days, consumer acceptance declined in ail sugar concentrations
114
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 31. MANOVA Analysis o f CSES Items 1-5 bv Treatment
A F-value Probability
Treatment 0 . 8 8 2.18 <.0 0 0 1 *
*p<.05
Storaee Period F-value Probability
Appearance 1 . 6 6 0 . 1 0
Color 1.72 0.09
Flavor 4.75 <0 .0 0 0 1 *
Texture 2.84 0.004*
Overall Like 3.47 0.0006*
*p<.05
5=Neither Like or Dislike, and 9=Like Extremely')
Flavor Texture Overall Like
Treatment 1 (4%, 21 days) 4.02° 4.97b 4.20c
Treatment 2 (5 %, 21days) 4.48abc 5.34ab 4 55°^
Treatment 3 (6 %, 21 days) s.oo1* 0 5 77ab 5.00
Treatment 4 (4%, 14 days) 4.60abc 5.39ab 4.76abc
Treatment 5 (5%, 14 days) 5.53ab 5.88“b 5.52*b
Treatment 6  (6 %, 14 days) 5.69“ 6 .2 2 “ 5.61“
Treatment 7 (4%, 7 days) 4.39bc 4.86b 4.33bc
Treatment 8  (5% 7 days) 5.34"b 5.73* 5.34“bc
Treatment 9 (6 % 7 days) 5.70“ s .s !1*
5  j g a b c
Means within columns not followed by the same letter differ significantly (p< 05)
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Treatments stored. 14 days were most preferred by consumers at all sugar 
concentrations. The spice flavor in the yogurt may influence consumer preference. The 
spice flavor may intensify over time. At 7 days, the 0.1% spice flavor may be 
inadequate and at 2 1  days, the 0 .1 % spice may have intensified in flavor to a point 
unappealing to the consumer. In addition, at 21 days acidity is increased and this may 
impact consumer preference by producing a more bitter product.
Findings were somewhat consistent with previous research. Collins et al. (1991) 
reported differences in mean scores on flavor and texture in sweet potato yogurt 
produced with different percentages of added sugar. The most preferred sample in their 
study placed between like moderately and like very much categories. The most preferred 
sample in this study was ranked somewhat lower, between neither like nor dislike and 
like slightly for the category “Overall Like.”
Femandez-Garcia et al. (1998) reported improved texture in fiber fortified 
yogurt during storage. Yogurt in Phase H was fortified with fiber through the addition 
o f sweet potato. Textural improvement was noted by consumers in their preference for 
yogurt stored 14 days. In addition, McGregor and White (1987)reported a preference in 
consumers for a moderately sweet product containing 5 or 6  percent added sugar.. 
Consumers in Phase II replicated that finding with their preference for treatments 
containing 5 percent and 6  percent added sugar. 
pH During Storage
Figure 8  illustrates the change in pH across sugar and storage periods, 
lower measures o f pH for all storage periods, periods. Table 34 contains pH values for 
Phase II treatments during each o f the three storage periods. Treatments with lower
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percentages o f  added sugar (treatmentsi, 3 , 6 ) exhibited lower measures o f pH for all 
storage periods. Treatments with 6  percent had the highest pH values for all storage 
periods.
Collins et al. (1991) reported longer fermentation times and higher pH values for 
treatments containing 5.33 percent and 6.0 percent sugar. In addition, findings by 
Femandez-Garcia et al. (1998) also reported higher pH levels for yogurt produced with 
5.5 percent added sugar. Increased added sugar decreases the rate 
o f lactic acid production and slows the reduction in pH (Staff 1998; Tamime and 
Robinson, 1999).
Consumer acceptance also appears to be affected by the decreased lactic acid 
production caused slower reduction of pH at 6  percent added sucrose. Consumers’ 
acceptance for treatment 3 (6% sugar, 21 days) was higher (5.00) than any o f the other 
21 days treatments. The higher percentage of added sugar slows fermentation during 
storage and reduces the degree o f bitterness in yogurt stored for longer periods. 
Viscosity
Descriptive statistical results for viscosity for the total sample by sugar content 
and storage period can be found in Table B.3 in Appendix B. Mean viscosity for all 
samples (n=9) by sugar content and storage period ranged from a low o f 23986.67 cps 
for treatments stored 21 days to a high of 30581.33 cps for treatments containing 6  
percent sugar. Mean viscosity by specific treatment (Table 36) ranged from a low of 
16496.00 cps for treatment 2 (5 percent sugar, 21 days storage) to a high o f 36392.00 
cps for treatment 9 ( 6  percent sugar, 7 days storage).
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Table 34. Means for pH bv Treatment for Sugar Content and Storage Period
_______________________________________ Mean fpHl
Treatment (% sucrose, storage period)
1 (4%, 21) 4.46
2 (5%, 21) 4.50
3 (6 %, 21) 4.60
4 (4%, 14) 4.45
5 (5%, 14) 4.49
6  (6 %, 14) 4.55
7 (4%, 7) 4.35
8  (5%, 7) 4.44
9 (6 %, 7) 4.50
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To determine the effect o f the sugar percentage and storage period as measured 
by viscosity a one-way ANOVA was conducted using sugar and storage as factors.
The ANOVA was not significant for either sugar percentage or storage period (Table 
36). As the ANOVA was not significant, post hoc mean comparisons were not 
performed. Table 37 reports the means by sugar and storage.
Means were higher for treatments with higher percentages of added sugar. 
However, the differences were not statistically significant. In addition, as storage 
period increased, mean viscosity decreased (Figure 9). Once again, these differences 
were not statistically significant.
Results were consistent with Collins et al. (1991) whose findings suggest that 
sugar content and sweet potato content contribute to viscosity, but that these 
contributions do not appear as statistically significant. In addition, Tamime and Deeth 
(1980) state that the viscosity of yogurt depends almost totally on the protein content 
o f the milk. In Phase H o f this study, percent NFDM added, percent of sweet potato, 
and percent spice were standardized across treatments. Therefore, any effects possibly 
produced by these components would be the same across treatments.
In addition, results are consistent with other research findings (Beal et al.,
1999; Kaytanli, 1993) that suggest that a storage by strain effect is present in yogurt 
fermented using Streptococcus thermophilus. In those yogurts, viscosity appears to 
peak between day 1 and day 7 o f storage. Treatments in Phase II o f this study 
exhibited a peak in viscosity at 7 days of storage.
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Table 35. Summary o f  Descriptive Statistics for Viscosity bv Treatment
Mean fcpsl______ Standard Deviation
Treatment (% sucrose, storage Deriod)
1 (4%, 21) 29160.00 422.06
2 (5%, 21) 16496.00 798.93
3 (6 %, 21) 26304.00 600.80
4 (4%, 14) 26560.00 539.96
5 (5%, 14) 30968.00 1072.95
6  (6 %, 14) 29048.00 1017.85
7 (4%, 7) 27368.00 278.28
8  (5%, 7) 27360.00 317.77
9 (6 %, 7) 36392.00 435.66
Table 36. ANOVA Analysis of Viscosity bv Sugar Percentage and Storage Period
F P
Sugar .91 .47
Storage 1.28 .37
*p<.05
Table 37. ANOVA Descriptive Statistics and Post Hoc Test Results 
Viscosity bv Suear Percentage and Storage Period
Mean fcnsl
Sugar
4 percent 27696“
5 percent 24941“
6  percent 30581“
Storage
7 days 30373“
14 days 28859“
2 1  days 23987“
Means not followed by the same letter differ significantly (p<.05)
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Titratable Acidity
Descriptive statistical results for titratable acidity for the total sample (n=9) by 
sugar content and storage period can be found in Table B.4 in Appendix B. Mean 
titratable acidity for all samples by sugar content and storage period ranged from a low 
o f 1.42 percent lactic acid for treatments containing 6 percent sugar to a high o f 1.57 
percent lactic acid for treatments containing 4 percent sugar. Mean titratable acidity by 
treatment ranged from a  low o f  1.39 percent lactic acid for treatment 9 (6 percent 
sugar, 7 days storage) to a  high o f 1.61 percent lactic acid for treatment 1 (4 percent 
sugar, 21 days storage) (Table 38).
To determine the effect o f  sugar and storage on titratable acidity, a  one-way 
ANOVA was conducted using sugar percentage and storage period factors. Post hoc 
mean comparisons were performed using the Tukey. Table 39 reports the ANOVA 
results. The ANOVA was significant for both sugar percentage and storage period. 
Follow-up comparisons o f  means were conducted to evaluate the differences among 
the means using the Tukey procedure. Table 40 reports the results o f post hoc 
comparisons. Treatments with lower percentages o f added sucrose exhibited higher 
levels of titratable acidity. Lower percentages o f sucrose allowed the starter bacteria to 
grow, producing lactic acid which is reflected in higher titratable acidity. As each 
treatment increased in sugar, titratable acidity decreased. In addition, titratable acidity 
increased as storage period lengthened. Treatments stored for 7 and 14 days did not 
differ probably because the low storage temperature significantly reduced 
fermentation. However, treatments stored for 21 days exhibited statistically significant
123
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Table 38. Summary o f Descriptive Statistics for Titratable Acidity bv Treatment
___________________________________ Mean (% lactic acid) Standard Deviation
Treatment (% sucrose, days o f storage)
1 (4%, 21 days) 1.61 .01
2 (5%, 21 days) 1.46 .03
3 (6%, 21 days) 1.46 .01
4 (4%, 14 days) 1.57 .03
5 (5%, 14 days) 1.44 .01
6 (6%, 14 days) 1.42 .01
7 (4%, 7 days) 1.55 .01
8 (5%, 7 days) 1.50 .01
9 (6%, 7 days) 1.39 .01
Table 39. ANOVA Analysis o f Titratable Acidity by Sugar Percentage and Storage 
Period__________________________________________________________________
F-value__________________ Probability
Sugar 64.81 <.0001*
Storage 9.74 .0026*
*p<.05
Table 40. ANOVA Descriptive Statistics and Post Hoc Test Results - Titratable 
Aciditv x Suear Percentaee and Storage
Mean (% lactic acid)
Sugar
4 percent 1.57a
5 percent 1.47b
6 percent 1.42°
Storage Period
7 days 1.46“
14 days 1.48a
21 days 1.52b
Means not followed by the same letter differ significantly (p<.05)
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Figure 10. Titratable Acidity During Storage Periods of 7,14, and 21 Days for 4, 5, and 6 Percent Sugar.
increases in titratable acidity. Longer storage periods would allow some accumulation 
o f lactic acid even though fermentation was slowed by low temperature (Figure 10).
In the study conducted by Collins et al. (1991), as levels o f sweet potato and 
sugar increased, titratable acidity decreased. The higher percentage o f sugar inhibited 
bacterial growth and the conversion o f sugars into acids (Tamime and Robinson, 1999; 
Wilson and Walker, 1982). The increase in sugar results in increased total solids and 
an increased osmotic pressure, all o f  which inhibit bacterial growth and acid 
production resulting in lower titratable acidity (Tamime & Robinson, 1999).
Storage period impacts titratable acidity by allowing the starter organisms to 
continue to convert sugar into acids which results in increased titratable acidity as 
length o f storage increases (Con et al., 1996; Staff, 1998).
Treatment 6  (6 % sucrose, 14 day storage) was most preferred by consumers 
and exhibited a titratable acidity o f 1.42 percent lactic acid. Treatments containing 4 
percent added sucrose were least liked by consumers and had titratable acidity levels 
ranging from 1.55 to 1.61 percent lactic acid.
Dry Matter
Descriptive statistical results for dry matter content in the total sample (n=9) by 
sugar percentage and storage period can be found in Table B.5 in Appendix B. Mean 
dry matter for all samples by sugar content and storage period ranged from a low of 
0.26 percent for treatments containing 4 percent sugar and for treatments with storage 
period of 7 days to a  high of 0.29 percent for treatments containing 6  percent sugar and 
for treatments with storage period of 21 days. By treatment, dry matter ranged from a
126
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Table 41. Summary o f  Descriptive Statistics for Dry Matter bv Treatment
MC% 1 Standard Deviation
Treatment (% sucrose, davs o f  storaee)
1 (4%, 21) 0.29 0 . 0 1
2 (5%, 21) 0.30 0 . 0 1
3 (6 %, 21) 0.30 0 . 0 1
4 (4%, 14) 0.28 0 . 0 1
5 (5%, 14) 0.27 0 . 0 0
6  (6 %, 14) 0.28 0 . 0 1
7 (4%, 7) 0.27 0 . 0 1
8  (5%, 7) 0.23 0.06
9 (6 %, 7) 0.28 0 . 0 1
Table 42. ANOVA Analysis o f Dry Matter bv Sugar Percentage and Storage Period
F-value________________ Probability
Sugar 1 . 2 2 0.33
Storage 3.81 0.04*
*p<.05
Table 43. ANOVA Descriptive Statistics and Post Hoc Test Results - Dry Matter x 
Suear Percentaee and Storaee
Mean f%l
Sugar
4 percent 0.32a
5 percent 0.31“
6  percent 0.33“
Storage Period
7 days 0.30“b
14 days 0.32“b
2 1  days 0.34b
Means not followed by the same letter differ significantly (p< 05)
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Figure 11. Dry Matter of Yogurt Stored for Periods of 7, 14, and 21 Days for 4 ,5 , and 6 Percent Sugar.
low of 0.23 percent for treatment 8  (4 percent sugar, 7 days storage) to a high o f 0.30 
percent for treatment 3 ( 6  percent sugar, 21 days storage) (Table 41).
To determine the effect o f the sugar percentage and storage on dry matter, a 
one-way ANOVA was conducted using sugar percentage and storage period as factors. 
Table 42 reports the ANOVA results. The ANOVA was significant for storage period. 
Follow-up comparisons o f means were conducted to evaluate the differences among 
means using the Tukey procedure. Table 43 reports the results of the post hoc 
comparisons.
Increases in percentage o f added sugar resulted in higher levels o f dry matter 
(Figure 11). However, the increases were not statistically significant. In addition, as 
storage period increased, the level o f dry matter also increased with treatments stored 
for 21 days exhibiting statistically significant changes possibly due to water loss. These 
results are consistent with previous research. Collins et al. (1991) reported statistically 
significant increases in dry matter as the percentage of sweet potato and sugar 
increased.
Glucose Measured by the YSI2700D
Descriptive statistical results for sucrose and glucose for all samples (n=18) as 
measured by the YSI 2700D Biochemistry Analyzer (YSI, Inc., Yellow Springs, Ohio) 
can be found in Table B . 6  in Appendix B. The mean glucose for the total sample was 
1.18 percent
Mean glucose for the total sample (n=18) by sugar percentage and storage 
period can be found in Table B . 6  of Appendix B. Mean values for glucose ranged from
129
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a low o f 0.94 percent for treatments containing 4 percent sugar to a high o f 1.38 
percent for treatments containing 6  percent sugar. Mean glucose by treatment (Table 
44) ranged from a  low o f 0.82 percent for treatment 7 (5 percent sugar, 7 days storage) 
to a high o f  1.63 percent for treatment 6  (6 % sugar, 14 days storage).
To determine the effect o f the spiced-sweet potato puree on the incubation and 
fermentation process as measured by glucose a one-way ANOVA was conducted using 
sugar percentage and storage as factors. Post hoc mean comparisons were performed 
using the Tukey comparison o f means. Table 45 reports the ANOVA results. The 
ANOVA was significant for sugar percentage. Follow-up comparisons o f means were 
findings were consistent with previous research and were as expected (Table 46). 
Research (Collins et al., 1991; McGregor and White, 1987; Tamime and Deeth, 1989) 
suggests that yogurt with higher percentages of added sugar pre-fermentation will 
exhibit higher levels o f glucose and other sugars post-fermentation.
Sucrose M easured bv the YSI 2700D
Descriptive statistical results o f sucrose all samples (n=18) as measured by the 
YSI 2700D Biochemistry Analyzer(YSI, Inc., Yellow Springs, Ohio) can be found in 
Table B . 6  in Appendix B. Mean sucrose for the total sample was 6.16 percent.
Sucrose means ranged from a low of 4.38 percent for treatments containing 4 
percent sugar to a high o f 7.10 percent for treatments stored 14 days. Mean sucrose by 
treatment ranged from a low of 4.34 percent for treatment 8  (5 percent sugar, 7 days 
storage) to a  high o f  9.15 percent for treatment 9 ( 6  percent sugar, 7 days 
storage)(Table 47).
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Table 44. Summary o f Descriptive Statistics for Glucose bv Treatment
________________________________ Mean (%)__________ Standard Deviation
Treatment (% sucrose, storage period)
1 (4%, 21) 1.05 0.03
2 (5%, 21) 1.13- 0 . 0 1
3 (6 %, 21) 1 . 2 0 0.06
4 (4%, 14) 1.05 0 . 0 1
5 (5%, 14) 1.28 0.03
6  (6 %, 14) 1.63 0 . 1 1
7 (4%, 7) 0.82 0.29
8  (5%, 7) 0.99 0.25
9 (6 %, 7) 1.48 0.03
F-value Probability
Sugar 9.90 0 .0 0 1 *
Storaee 1.44 0.26
Kp<.05
Table 46.
the YSI 2700D Mean (%)
Sugar
4 percent 0.94“
5 percent 1.23b
6  percent 1.38b
Storage
7 days 1.09a
14 days 1.32°
2 1  davs 1.23“
Means not followed by the same letter differ significantly (p<.05)
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Figure 12. Glucose During Storage Periods of 7,14, and 21 Days for 4, 5, and 6 Percent Sugar as Measured by the YSI 2700D 
Biochemistry Analyzer.
To determine the effect o f sugar percentage and storage period as measured by 
percentage o f sucrose present after storage, a one-way ANOVA was conducted using . 
sugar percentage and storage period as factors. Tukey post hoc mean comparisons 
were performed. Table 48 reports the ANOVA results. The ANOVA was significant 
for sugar percentage. Follow-up comparisons o f means were conducted to evaluate the 
differences among the means using the Tukey procedure. Table 49 reports the results 
o f post hoc comparisons.
Treatments containing 5 percent and 6  percent added sugar pre-fermentation 
had higher levels o f sucrose than did treatments containing 4 percent added sugar 
(Figure 13). In addition, increases were not statistically significant as storage period 
increased.
The explanation for the findings with regard to sucrose is basically the same as 
that for glucose. These findings were consistent with previous research and were as 
expected. Research (Collins et al., 1991; McGregor and White, 1987; Tamime and 
Deeth, 1989) suggests that yogurt with higher percentages of added sugar pre- 
fermentation will exhibit higher levels o f glucose and other sugars post-fermentation 
Glucose. Sucrose. Fructose. Lactose. Galactose, and Maltose M easured by HPLC
Descriptive statistical results for sucrose, glucose, fructose, lactose, galactose, 
and maltose in the total sample (n=9) by treatment for glucose, sucrose, fructose, 
lactose, galactose, and maltose as measured by high performance liquid 
chromatography can also be found in Table 42.
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Table 47. Summary o f Descriptive Statistics for Sucrose bv Treatment
____________________________________ Mean (%)________ Standard Deviation
Treatment (% sucrose, storage period)
1 (4%, 21) 4.37 0.41
2 (5%, 21) 5.30 0.64
3 (6 %, 21) 6.27 2 . 2 1
4 (4%, 14) 4.36 —
5 (5%, 14) 5.85 0.18
6  (6 %, 14) 6.09 2.06
7 (4%, 7) 4.74 1.05
8  (5%, 7) 4.34 1.03
9 (5%, 7) 6.15 1.77
F-value Probability
Sugar 5.38 0 .0 1 *
Storaee 0.94 0.44
*p<.05
Table 49. Effect o f Sugar Percentage and Storage Period on Sucrose as Measured
After Fermentation bv the YSI 2700D
Mean (%1
Sugar
4 percent 4.38“
5 percent 5.93b
6  percent 6.08b
Storage Period
7 days . 6.08a
14days 6.16*
2 1  davs 6.23a
Means not followed by the same letter differ significantly (p<.05)
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Figure 13. Sucrose During Storage Periods of 7,14, and 21 Days for 4 ,5, and 6 Percent Sugar as Measured by the YSI 2700D
Biochemistry Analyzer.
Table 50. Descriptive Statistics for Glucose, Sucrose, Fructose, Lactose, Galactose, and
Maltose bv Treatment as Measured bv HPLC_______________________________________
Treatment/%added sucrose/storage period 
Glucose
Treatment 1 (4%, 21)
Treatment 2 (5%, 21)
Treatments (6 %, 21)
Treatment 4 (4%, 14)
Treatment 5 (5%, 14)
Treatment 6  (6 %, 14)
Treatment 7 (4%, 7)
Treatment 8  (5%, 7)
Treatment 9 (6 %, 7)
Sucrose
Treatment 1 (4%, 21)
Treatment 2 (5%, 21)
Treatment 3 (6 %, 21)
Treatment 4 (4%, 14)
Treatment 5 (5%, 14)
Treatment 6  (6 %, 14)
Treatment 7 (4%, 7)
Treatment 8  (5%, 7)
Treatment 9 (6 %, 7)
Fructose
Treatment 1 (4%, 21)
Treatment 2 (5%, 21)
Treatment 3 (6 %, 21)
Treatment 4 (4%, 14)
Treatment 5 (5%, 14)
Treatment 6  (6 %, 14)
Treatment 7 (4%, 7)
Treatment 8  (5%, 7)
Treatment 9 (6 %, 7)
Lactose
Treatment 1 (4%, 21)
Treatment 2 (5%, 21)
Treatment 3 (6 %, 21)
Treatment 4 (4%, 14)
Treatment 5 (5%, 14)
Treatment 6  (6 %, 14)
Treatment 7 (4%, 7)
Treatment 8  (5%, 7)
Treatment 9 (6 %, 7)
136
Mean f%~)
0.32
0.51
0.36
0.30
0.43
0.62
0.41
0.33
2.7
4.3
3.12
2.38
3.61
5.0
3.45
2.71
3.29
4.32
2.48
3.07
3.54 
3.58 
4.43
2.55
Table continues
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Treatment/%added sucrose/storage period
Galactose
Treatment 1 (4%, 21)
Treatment 2 (5%, 21)
Treatment 3 (6 %, 21)
Treatment 4 (4%, 14)
Treatment 5 (5%, 14)
Treatment 6  (6 %, 14)
Treatment 7 (4%, 7)
Treatment 8  (5%, 7)
Treatment 9 (6 %, 7)
Maltose
Treatment I (4%, 21)
Treatment 2 (5%, 21)
Treatment 3 (6 %, 21)
Treatment 4 (4%, 14)
Treatment 5 (5%, 14)
Treatment 6  (6 %, 14)
Treatment 7 (4%, 7)
Treatment 8  (5%, 7)
Treatment 9 (6 %, 7)
%
0.82
0.98
0.71
0.67
0.72
1.01
1.20
0.63
0.17
0.09
0.15
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Analyzer (YSI, Inc., Yellow Springs, Ohio). Values for sugars measured using HPLC 
were inconsistent and highly variable. Mean values for glucose and sucrose reported 
by the YSI 2700D were higher than those reported by HPLC. Duplicate measures on 
Phase II samples were not obtained, therefore ANOVA and post-hoc analyses were 
not performed.
Starch Content
Descriptive statistical results for starch in the total sample (n=18) can be found 
in Table B . 8  in Appendix B. Mean starch for all samples was 0.69 percent. Starch for 
the total sample (n=18) by sugar percentage and storage period ranged from a low o f 
0.55 percent for treatments with storage periods o f 7 days to a high of 0.77 percent for 
treatments with storage periods of 21 days. Mean starch content by treatment ranged 
from a low o f 0.69 percent for treatment 9 ( 6  percent sugar, 7 days storage) to a high 
of 0.75 percent for treatment 1 (4 percent sugar, 21 days storage) and 7 (4 percent 
sugar, 7 days storage)(Table 51).
To determine the effect o f sugar percentage and storage period as measured by 
starch, a one-way ANOVA was conducted using sugar percentage and storage period 
as factors. Post hoc mean comparisons were performed using the Tukey comparison 
o f means procedure. Table 52 reports the ANOVA results. The ANOVA was not 
significant for sugar percentage or storage period. Table 53 reports the results means 
by added sucrose and storage period. It is clear that the lactic organisms did not 
utilize the starch at the storage temperature used.
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Table 51. Summary o f  Descriptive Statistics for Starch bv Treatment
_____________________________________ Mean f% l______ Standard Deviation
Treatment (% sucrose, storage period)
1 (4%, 21) 0.75 0.13
2 (5%, 21) 0.73 0.09
3 (6 %, 21) 0.63 0.24
4 (4%, 14) 0.73 0 . 1 1
5 (5%, 14) 0.70 0.03
6  (6 %, 14) 0.64 0.15
7 (4%, 7) 0.75 0.41
8  (5%, 7) 0.70 0.31
9 (6 %, 7) 0.69 0 . 2 0
Table 52. ANOVA Analysis o f Starch bv Sugar Percentage and Storage Period
F-value Probability
Sugar 0 . 6 8 0.52
Storage 2.45 0 . 1 0
*p<.05
Table 53. Effect o f Sugar Percentage and Storage on Starch as Measured bv the YSI
2700D M
Sugar
4 percent 0 .6 6 a
5 percent 0.64a
6  percent 0.73a
Storage Period
7 days 0.55“
15 days 0.76a
2 1  davs 0.77a
Means not followed by the same letter differ significantly (pc.05)
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Figure 14. Starch During Storage Periods of 7,14, and 21 Days for 4 ,5, and 6 Percent Sugar as Measured by the YSI2700D
Biochemistry Analyzer.
Correlation of Glucose and Sucrose Measures by YSI2700D Biochemistry 
Analyzer and HPLC
To examine the relationship between glucose and sucrose measurements 
reported in analyses using the YSI 2700D Biochemistry Analyzer (YSI, Inc., Yellow 
Springs, OH) and measurements o f glucose and sucrose obtained by HPLC analysis, 
Pearson correlation coefficients were computed. The results o f the correlational 
analyses presented in Table 54 show that the relationships were statistically 
significant. Twenty-five data points were analyzed for glucose and twenty-four data 
points were analyzed for sucrose. The correlation between Glucose YSI and Glucose 
HPLC was significant R^O.81. The correlation between Sucrose YSI and Sucrose 
HPLC was also significant R2=0.74. Although, there was a correlation between 
methods, the HPLC measured sugars yielded results that were erratic.
In general, results suggest a strong positive relationship between measures of 
glucose and sucrose obtained using the YSI 2700D and HPLC . High glucose and 
sucrose concentrations reported by the YSI 2700D would also be reported in HPLC 
analysis o f the same samples. However, measures obtained using YSI 2700D are higher 
than those obtained using HPLC analysis. Results suggest that the more complex 
sample preparation procedures involved in HPLC analysis may have caused some of the 
sugars to be lost prior to injection into the HPLC. This would explain the difference 
between glucose and sucrose values as measured by the YSI 2700D Biochemistry 
Analyzer (YSI, Inc., Yellow Springs, Ohio) and the HPLC. Since the glucose and 
sucrose levels as measured by the HPLC were inconsistent, the other sugars were 
suspect as well. Further refinement o f the extraction methodology is necessary.
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Table 54. Summary o f  Correlations Between Glucose and Sucrose Levels as Measured 
bv YSI 2700 D Biochemistry Analyzer and HPLC_______________________________
Instrument/Meaure HPLC
YSI 2700 D
Glucose .81*
Sucrose .74*
*p< 0 0 0 1
CONCLUSION
Consumers preferred treatments containing 5 and 6  percent sugar and storage 
periods of 14 days which also gave higher pH levels and lower acidities. Treatment 6  
( 6  percent sugar, 14 days storage) was the preferred treatment and treatment 4 (4 
percent sugar, 14 days storage) was liked least by consumers. Treatment 6  ( 6  percent 
sugar, 14 days storage), the most preferred, also exhibited higher viscosity and mid­
range values for pH, titratable acidity, dry matter, glucose, and sucrose. The findings 
were somewhat consistent with previous research (Collins, et al., 1991; Fernandez eL 
al, 1998; McGregor and White, 1987,) in that consumers expressed greater liking for 
treatments containing more added sugar, titratable acidity between 1.40 and 1.43 and 
for those treatments with superior texture.
Percentage added sugar impacted pH and titratable acidity. Treatments with 
lower percentages o f added sugar exhibited lower pH values and higher titratable 
acidity for all storage periods. Glucose and sucrose levels as measured by the YSI 
2700D Biochemistry Analyzer (YSI, Inc., Yellow Springs, Ohio) were significantly 
affected. Treatments with higher percentages o f added sugar pre-fermentation 
exhibited higher glucose and sucrose levels after 7,14, and 21 days of storage. In
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addition, dry matter exhibited a storage effect with significant increases in dry matter 
after 2 1  days o f storage while viscosity and starch content were not significantly 
impacted by sugar percentage or storage period.
Glucose and sucrose measured through analyses using the YSI 2700D 
Biochemistry Analyzer and HPLC were positively correlated. High glucose and 
sucrose concentrations reported by the YSI 2700D would also be reported in HPLC 
analysis of the same samples. However, measured obtained using the YSI 2700D 
would be higher.
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CHAPTER 4
GENERAL CONCLUSIONS AND RECOMMENDATIONS
Findings from this study suggest that spiced sweet potato flavored yogurt, with 
further refinement, may have a market niche with some consumers. Consumers 
generally found the product acceptable, however, sensory evaluations for all categories 
evaluated (appearance, color, flavor, texture, and overall like) were lower than 
expected. Addition o f sweet potato prior to fermentation was an overwhelming 
preference o f consumer panelists. This preference is most likely a response to the 
negative impact o f  post-fermentation addition o f sweet potato on the texture o f the 
yogurt with the breaking o f curd tension due to the mixing action. Future research 
should focus on refinement o f the yogurt formula to improve the sensory properties of 
the product In addition, other flavor or texture enhancements such as the use o f 
spiced granola or pecans should be explored. Frozen sweet potato yogurt should also 
be tested with consumers for viability. Pumpkin ice cream is now available during the 
fall and holiday seasons.
As a result o f this study, the effect o f sweet potato and spice on the 
fermentation process has become clearer. The addition o f sweet potato before 
fermentation appears to result in more desirable textural qualities in the final product. 
However, pH during processing, viscosity, and sugar content are all affected. The 
effect of pumpkin pie spice on the fermentation process was an unexpected result o f 
the study. Additional research is required to determine which components in the 
pumpkin pie spice exert the strongest influence on the fermentation process.
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Application of spice post-fermentation may be a  viable alternative and is a 
recommendation for future research.
Phase II of the study served to clarify consumer preferences with regard to 
preferred percentage o f added sugar and preferred storage period. Consumer 
preference for treatments containing higher levels o f added sugar was expected. 
Consumer preference, however, for yogurt stored 14 days was not expected. Further 
research is required to determine which organoleptic characteristics o f sweet potato 
yogurt peak at 14 days post-fermentation.
Differences in sugar measures obtained through the use o f the YSI 2700D 
Biochemistry Analyzer and HPLC were particularly problematic and worthy o f further 
investigation. Additional studies focused on analyses o f glucose and sucrose using 
both methodologies are required to determine the reason for the discrepancy in 
measurement and to determine which machine is best equipped to measure glucose 
and sucrose in dairy products.
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APPENDIX A:
PHASE I - DESCRIPTIVE STATISTICAL TABLES
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Table A.1 Percentage for CSES Items 4. 5. and 6 ________________________________
Price Willing to Pay (%)
Treatment Acceptabilitvf%l Purchase Intent (%) Lower Same Higher
1 54.2 2 0 . 8 6 8 . 2 27.3 4.5
2 33.3 25.0 6 8 . 2 31.8 0 . 0
3 66.7 41.7 55.0 45.0 0 . 0
4 37.5 25.0 6 8 . 8 25.0 6.3
5 58.3 29.2 85.7 14.3 0 . 0
6 41.7 29.2 61.9 33.3 4.8
7 45.8 41.7 81.0 19.0 0 . 0
8 75.0 50.0 47.6 47.6 4.8
9 66.7 50.0 63.6 31.8 4.5
1 0 62.5 45.8 54.2 37.5 8.3
1 1 60.8 41.7 45.5 54.5 0 . 0
1 2 41.7 2 0 . 8 73.9 21.7 4.3
13 83.3 75.0 25.0 75.0 0 . 0
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Table A.2 Summary o f Descriptive Statistics for Viscosity by Total Sample, by Fat,
Spice, and Sweet Potato Added Pre/Post-Fermentation and bv Treatment___________
______________________________________Mean_____________ Standard Deviation
Total Sample (n=26) 83919.17 30914.72
Fat
Spice
0  percent
1 percent
0 . 0  percent 
0 . 2  percent 
0.4 percent
80809.09
86550.77
89557.56
74600.29
85730.00
36696.22
24851.82
36255.53
19316.02
31114.91
Sweet Potato
No sweet potato 
Before fermentation 
After fermentation
87320.00
100962.67
62786.80
5609.32
31864.38
16589.87
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Table A.3 Summary o f  Descriptive Statistics for Glucose by Total Sample, by Fat,
Spice, and Sweet Potato Added Pre/Post-Fermentation and bv Treatment_________
_____________________________________Mean___________ Standard  Deviation
Total Sample 0.29 0.27
Fat
0 percent 0.46 0.32
1 percent 0.14 0.06
Spice
0.0 percent 0.25 0.26
0.2 percent 0.31 2.83
0.4 percent 0.33 0.27
Sweet Potato
No sweet potato 0.06 -------
Before fermentation 0.14 0.04
After fermentation 0.48 0.30
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Table A.4 Summary o f  Descriptive Statistics for Sucrose by Total Sample, by Fat, 
Spice, and Sweet Potato Added Pre/Post-Fermentation and bv Treatment___________
______________________________________ Mean______ _^_____ Standard Deviation
Total Sample 3.36 1.08
Fat
0 percent 4.15 1.08
1 percent 2 . 6 8  0 . 4 4
Spice
0.0 percent 3.19 0.58
0.2 percent 3.45 1.32
0.4 percent 3.47 1.40
Sweet Potato
No sweet potato 2.60 0.21
Before fermentation 2.92 0.65
After fermentation 3.93 1.25
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Table A.5 Summary o f  Descriptive Statistics for Starch by Total Sample, by Fat,
Spice, and Sweet Potato Added Pre/Post-Fermentation and bv Treatment________
________________________   Mean__________ Standard Deviation
Total Sample 0.63 0.23
Fat
0  percent
1 percent
0.68
0.59
0.17
0.26
Spice
0 . 0  percent 
0 . 2  percent 
0.4 percent
0.57
0.67
0.65
0.28
0.22
0.17
Sweet Potato
No sweet potato 
Before fermentation 
After fermentation
0.09
0.60
0.75
0.16
0.15
Treatment
1 0.72 0.04
2
3
4
5
6
7
8 
9
10
11
12
13
0.52
0.60
0.56
0.94
0.72
0.71
0.49
0.58
0.80
0.73
0.73
0.09
0.01 
0.13 
0.17 
0.21 
0.05 
0.01 
0.17 
0.38 
0.01 
0.08 
0.08
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APPENDIX B:
PHASE H - DESCRIPTIVE STATISTICAL TABLES
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Table B. 1 Summary o f  Descriptive Statistics for CSES bv Item
_____________________________________ Mean____________ Standard Deviation
Item Number
1 (Appearance) 5.69 1.97
2 (Color) 6.03 1.67
3 (Flavor) 4.97 2.35
4 (Texture) 5.55 2.14
5 (Overall Like) 4.97 2.31
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Table B.2 Summary o f Descriptive Statistics for CSES bv Treatment__________
_____________________________________Mean___________ Standard Deviation
Treatment 1
Appearance 5.23 2.02
Color 6.16 1.60
Flavor 4.02 2.46
Texture 4.97 2.12
Overall Like 4.20 2.36
Treatment 2
Appearance 5.81 1.98
Color 5.88 1.78
Flavor 4.48 2.34
Texture 5.34 2.25
Overall Like 4.55 2.25
Treatment 3
Appearance 5.86 2.10
Color 6.14 1.70
Flavor 5.00 2.56
Texture 5.77 2.21
Overall Like 5.00 2.46
Treatment 4
Appearance 5.94 1.70
Color 6.16 1.45
Flavor 4.60 2.23
Texture 5.40 2.07
Overall Like 4.76 2.16
Treatment 5
Appearance 5.95 1.92
Color 6.31 1.51
Flavor 5.53 2.09
Texture 5.88 2.03
Overall Like 5.52 21.7
Treatment 6
Appearance 3.11 1.64
Color 6.33 1.60
Flavor 5.69 2.24
Texture 6.22 1.86
Overall Like 5.61 2.25
Table continues
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Mean Standard Deviation
Treatment 7
Appearance 5.38 1.96
Color 5.50 1.84
Flavor 4.39 2.37
Texture 4.86 2.35
Overall Like 4.33 2.30
Treatment 8
Appearance 5.55 2.11
Color 6.01 1.59
Flavor 5.36 2.05
Texture 5.73 1.78
Overall Like 5.34 2.02
Treatment 9
Appearance 5.34 2.12
Color 5.75 1.86
Flavor 5.70 2.24
Texture 5.81 2.27
Overall Like 5.38 2.42
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Table B.3 Summary o f Descriptive Statistics for Viscosity by Total Sample, by Sugar
Percentage. Storage Period___________________________________________________
_______________________________________Mean
Total Sample
Sugar
4 percent
5 percent
6  percent
Storage Period
7 days 
14 days 
2 1  days
165
27368.00
27696.00
24941.33
30581.33
30373.33
28858.67
23986.67
Standard Deviation 
278.28
1179.39
6302.59
4388.02
4341.78
2034.18
5549.25
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Table B.4 Summary o f Descriptive Statistics for Titratable Acidity by Total Sample
and bv Sugar Percentage and Storage Period___________________________________
_____________________________________ Mean
Total Sample
Sugar
4 percent
5 percent
6  percent
Storage Period
7 days 
14 days 
2 1  days
166
1.54
1.57
1.47
1.42
1.46
1.48
1.52
Standard Deviation 
0.06
0.04
0.03
0.03
0.07
0.08
0.07
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Table B.5 Summary of Descriptive Statistics for Dry Matter by Total Sample, by
Sugar Percentage and Storage Period______________________________________
_____________________________________Mean__________Standard Deviation
Total Sample 0.28 0.02
Sugar
4 percent 0.26 0.01
5 percent 0.27 0.04
6  percent 0.29 0.01
Storage Period
7 days 0.26 0.04
14 days 0.27 0.01
21 days 0.29 0.01
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Table B.6 Summary o f Descriptive Statistics for Glucose by Total Sample and by
Sugar Percentage and Storage Period
Total Sample 
Sugar
4 percent
5 percent
6  percent
Storage Period
7 days 
14 days 
2 1  days
Mean__________Standard Deviation
1.18 0.09
0.94 0.18
1.23 0.24
1.38 0.20
1.09 0.35
1.32 0.32
1.13 0.07
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Table B.7 Summary o f Descriptive Statistics for Sucrose by Total Sample, by Sugar
Percentage and Storage Period_______________________________________________
_______________________________________ M
Total Sample 6.16
Sugar
4 percent 4.38
5 percent 6.93
6  percent 7.08
Storage Period
7 days 6.08
14 days 7.10
21 days 5.32
169
SD
1.04
.83
2.21
2.16
2.60
2.34
1.35
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Table B . 8  Summary o f Descriptive Statistics for Starch by Total Sample, by Sugar
Percentage and Storage Period_____________________________________________
_______________________________________ M________________ SD____________
Total Sample .69 .19
Sugar
4 percent . 6 6  .20
5 percent .64 .17
6  percent .73 .18
Storage Period
7 days .55 .27
14 days .76 .11
21 days .77 .13
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APPENDIX C:
PHASE I AND PHASE H - HPLC CHROMATOGRAPHS
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Figure C .l. High Performance Liquid Chromatograph for Treatment 1(0 percent fat, 
0 .0 % spice, sweet potato added before fermentation).
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Figure C.2. High Performance Liquid Chromatograph for Treatment 7(1 percent fat, 
0 .0 % spice, sweet potato added before fermentation).
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Figure C.3. High Performance Liquid Chromatograph for Treatment 10(1 percent fat, 
0 .0 % spice, sweet potato added after fermentation).
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Figure C.4. High Performance Liquid Chromatograph for Treatment 13(1 percent fat, 
0 .0 % spice, no sweet potato).
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